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Chapter 1 
Introduction 
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1. Introduction 
Background 
Impact of chronic low back pain on individuals and society 
Low back pain is defined as pain localized below the scapulae and above the gluteal 
folds (20). Low back pain is regarded as being chronic when a patient perceives pain 
for at least three months. Nonspecific chronic low back pain (CLBP) is defined as low 
back pain not attributable to a specific pathology like a fracture or inflammatory 
disorder (1). 
Nonspecific CLBP is an important public health problem in Western societies. 
Chronic pain can have a high impact on the individual patient. It can influence one’s 
daily life functioning and quality of life tremendously. In the Netherlands 2.4 million 
people suffer from CLBP (21). It is expected that the incidence and prevalence of 
CLBP in the Netherlands will further increase (21). As a result, the societal impact of 
CLBP will remain high, not only due to health care costs but also based on indirect 
costs, such as sick leave. 
The treatments currently available to improve the functioning of a patient with 
CLBP are still less effective as hoped for all patients. Individually tailored treatment 
may result in a higher number of patients taking advantage of a treatment. In order 
to improve the efficacy of the treatment of patients with CLBP, factors contributing 
to the development and maintenance of pain and its associated disability need to 
be identified. Innovation in treatments specifically targeting at these factors identi-
fied may result in more effective treatments and improve the prognosis of patients 
with CLBP. 
 
This thesis is part of the LOBADIS research program. This LOw BAck DISability and 
rehabilitation strategy program aims to further expand the knowledge of model-
based treatments for patients with CLBP. The ultimate goal of the LOBADIS program 
is to reduce CLBP-associated disability by matching rehabilitation treatment to indi-
vidual patient needs and characteristics. 
Explanatory models 
Several models have been proposed to explain the development and maintenance 
of CLBP. Initially, research mainly focused on biomedical explanations. However, not 
for all patients with disabling pain syndromes, a biomedical explanation could be 
identified as the origin of their disability (5, 10, 28). It became clear that a patient’s 
pain behaviour not only depends on physical factors but also on psychological and 
social factors. This insight resulted in a shift from biomedical models to bio-
psychosocial models to explain the pain problem (9). In the mid 90´s the cognitive 
behavioural fear-avoidance model was proposed to explain the development of 
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chronic nonspecific pain (27). This model describes how in a subgroup of patients, 
due to catastrophizing thoughts about pain, fear of movement will develop. Fear of 
movement is characterized by avoidance of activities that, to the patient’s expecta-
tion, will result in an increase of his pain. In the long run, avoidance behaviour may 
have several negative health consequences; it may lead to disability, depression 
and/or disuse (27). Disuse is defined as a decreased physical activity level, leading to 
physical deconditioning, characterized by a lower physical capacity and reduced 
muscle strength (25). These negative consequences are assumed to be associated 
with lower pain tolerance and higher pain perception. Eventually, these negative 
consequences will result in a vicious circle. Although several associations in the fear-
avoidance model have been confirmed, results on studies focussing on the exis-
tence of disuse and physical deconditioning in patients with chronic pain remain 
equivocal. Also evidence regarding the assumed lower level of physical fitness due 
to physical deconditioning remains lacking. Whereas several studies found lower 
levels of physical capacity, defined as the subject’s maximal physiological possibili-
ties, for patients with CLBP (8, 18, 19, 22) others found a comparable level of physi-
cal capacity in patients with CLBP and healthy volunteers (4, 7, 30). Furthermore, 
studies using movement registration to assess physical activity in daily life did not 
find a lower level of physical activity of patients with CLBP compared to healthy 
volunteers (3, 23, 24, 26). In addition, no significant association between fear of 
movement and the objectively assessed level of physical activity in daily life could 
be found (26). It was also found that patients with CLBP who have a rather high 
daily life activity level also perceive limitations in daily life functioning (3). These 
findings seem to indicate that not all patients apply avoidance behaviour as a coping 
style to deal with their CLBP problem. 
Complementary to the fear-avoidance model in 1995, Hasenbring and col-
leagues proposed another model, i.e. the avoidance-endurance model. This model 
describes that patients with CLBP may apply different activity-related behaviour 
styles (12–14). The avoidance-endurance model describes in line with the fear-
avoidance model, a subgroup of patients, ‘the avoiders’, who develop a lower daily 
life activity level due to elevated pain-related fear. In addition, another subgroup of 
patients showing persistence behaviour is proposed. The behaviour style of a ‘per-
sister’ is characterized by a continuation of activities despite pain, until completion 
of the task is reached (2, 11). When the activity is completed, the level of pain will 
increase due to overload, which, in turn, will force a persister to take rest until the 
pain subsides. Eventually, this pain decrease will result in a renewed start of activi-
ties that may lead to another episode of increased pain. This variation in daily life 
activities over time results in a so-called saw tooth pattern of activity. Both activity-
related styles, i.e. avoidance and persistence, are hypothesized to be associated 
with high disability levels and lower quality of life. 
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The self-discrepancy model 
Although several studies mention the presence of persistence and avoidance behav-
ioural styles, the underlying mechanism explaining both styles has not yet been 
identified (2, 11, 13). The self-discrepancy model for chronic pain might provide an 
explanation for both avoidance and persistence behaviour. The original Self-
Discrepancy Theory developed by Higgins, proposes that discrepancies exist be-
tween the attributes one actually possesses (‘actual self’), and the attributes one 
ideally possesses (‘ideal self’) or ought to possess (‘ought self’) (16). In addition, 
Carver et al. introduced the role of the ‘feared self’ (the attributes one fears to pos-
sess) (6). Self-discrepancies motivate self-regulatory behaviours in order to reduce 
discrepancies (or enlarge discrepancies in case of the feared self). Regardless of the 
effort to influence discrepancies between selves, every person will experience dis-
crepancies (of varying degrees) between his selves. These discrepancies are associ-
ated with negative emotions. Discrepancies between the actual and ideal self are 
related to dejection-related emotions (e.g. depression), whereas discrepancies be-
tween the actual and ought self are related to agitation-related emotions (e.g. anxi-
ety) (17). The discrepancy between the actual and feared self is related to both 
agitation and dejection-related emotions (6, 15). The associations between self-
discrepancies and negative emotions in asymptomatic volunteers have been con-
firmed in patients with chronic pain (29). 
 
Actual-Ideal SD
Actual-Ought SD
Actual-Feared SD
Agitation
Dejection
Dejection / Agitation
Persistence
Avoidance
Disability
Quality of Life
 
Figure 1: The self-discrepancy model for chronic pain 
 
A potential model to identify the underlying mechanism explaining avoidance and 
persistence behaviour in patients with CLBP is the self-discrepancy model for 
chronic pain (as presented in figure 1). In this model, it is hypothesized that both 
ideal and ought self-discrepancies lead to persistence behaviour because the pa-
tient’s behaviour is driven by a focus on a desired (ideal self) or obliged (ought self) 
target. In contrast, the actual-feared discrepancy is hypothesized to predict avoid-
ance behaviour since the focus is on an undesired target (i.e. the feared self). Both 
avoidance and persistence behaviour are proposed to lead to increased disability 
and a diminished quality of life. To evaluate the self-discrepancy model for chronic 
I N T R O D U C T I O N  
 11 
pain, a further challenge is to measure the different activity-related behaviour 
styles. 
1.2. Outline of this thesis 
In order to identify different activity-related behaviour styles within the population 
of patients with CLBP, the first aim of the present thesis is to identify and describe 
the best assessment methods to measure a patients’ activity-related behaviour style 
during performance testing and activities in daily life, as well as its influencing fac-
tors. During physical activity testing in a laboratory, physiological (muscle strength, 
aerobic capacity etc.) and non-physiological factors (environmental and psychologi-
cal factors) all contribute to the patient’s actual physical performance. In order to 
evaluate a patient’s behaviour with a performance test, a test has to be chosen in 
which the influence of psychological factors is prominent. The second aim is to iden-
tify specific characteristics in a person’s activity pattern reflecting his activity-related 
behaviour style (i.e. avoidance and persistence). Subsequently, the third aim of the 
present thesis is to evaluate whether the self-discrepancy model for chronic pain 
can explain differences in activity-related behaviour styles. This thesis comprises 
eight studies and is organized in three parts: 
Part I: Assessment of activity-related behaviour 
Till now, in research and clinical practice focus has been on quantifying avoidance 
behaviour. However, in order to also identify persistence behaviour as proposed in 
the self-discrepancy model of chronic pain, characteristics of both types of activity-
related behaviour have to be identified. These types of activity-related behaviour 
can be studied in two main ways: 
First, one can challenge a person to show his activity-related behaviour style by 
exposing him to a strenuous physical performance test in a laboratory setting. For 
the assessment of physical performance several tests have been used to represent a 
patients’ level of functioning. However, it is important to realize that besides pain, 
physiological and non-physiological factors will have an influence on the outcome of 
a performance test. As a result of this, in Chapter 2 addresses the topic whether 
during performance testing a patient’s maximum physiological possibilities or a 
patient’s behaviour will be addressed. The impact of pain, physiological and non-
physiological factors on four different types of physical performance tests is ana-
lysed and discussed. The ability of a patient with sub acute low back pain to accu-
rately predict pain associated with physical performance is evaluated in chapter 3. 
This study also evaluates whether pain-related fear is associated with the perform-
ance in patients who overpredict their activity-related pain, and, in addition, 
whether this overprediction of pain generalizes to daily life functioning. 
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Second, one can observe the patients’ behaviour during daily life and assess its 
characteristics using a questionnaire, a diary or an objective daily life activity as-
sessment like accelerometry. Chapter 4 presents a systematic evaluation of self-
reported and objective registration methods available to assess daily life activities in 
patients with musculoskeletal pain. In addition, psychometric properties of the 
measurement methods are evaluated. To evaluate whether patients with CLBP can 
accurately estimate their own daily life activity level, the association between a 
patient’s self-reported activity level and his level of actual daily life activities is stud-
ied in chapter 5. Furthermore, the impact of potential influencing factors, like pain 
intensity and depression on the discrepancy between the self-reported and objec-
tively assessed daily life activity level in patients with CLBP is studied. 
Part II: Identification of subgroups, based on activity-related behaviour 
In the second part of this thesis, the different activity-related behaviour styles (i.e. 
avoidance and persistence) of patients with CLBP will be identified and furthermore 
specific characteristics in a person’s activity pattern reflecting these identified styles 
will be explored. More insight is needed in the complex associations between physi-
cal activity, pain and disability in order to unravel the characteristics of persistence 
and avoidance behaviour. ’Persisters‘ are assumed to continue with activities until 
completion of the task is reached. When the activity is completed pain prevents 
them from any further activity which will force a persister to take rest until pain 
subsides or frustration over inactivity stimulates them to start a new activity. This 
results in fluctuations in activity over time. Whether these self-reported fluctuations 
in daily life activity have a negative influence on the disability level of patients with 
CLBP is evaluated in chapter 6. In chapter 7 the characteristics of different sub-
groups in activity-related behaviour are identified. Based on objective daily life as-
sessment, it will be evaluated whether persisters are more physically active, show 
more fluctuations in activity and have a longer daily uptime, compared to avoiders. 
It is hypothesized that both persisters and avoiders feel disabled in daily life func-
tioning. 
Part III: The self-discrepancy model for chronic pain to explain persistence and 
avoidance behaviour 
In this part of the thesis, the associations between self-discrepancies, avoid-
ance/persistence behaviour and disability/quality of life will be focussed upon. In 
chapter 8, the association between the type of self-discrepancies and the different 
activity-related styles is evaluated, using self-reported data. Also the association 
between different activity-related styles and disability and quality of life will be 
studied. 
Whether the influence of a person’s self-discrepancy or a change within one’s 
self-discrepancy over time is associated with the objectively registered characteris-
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tics of a person’s activity-related behaviour style (avoidance or persistence behav-
iour), or changes within these characteristics will be evaluated in chapter 9. Fur-
thermore, the association between the objectively registered activity-related char-
acteristics of both avoidance and persistence behaviour and a patients’ disability 
level and quality of life is evaluated. 
 
Finally, chapter 10 provides a general discussion, evaluating the main results, the 
methodological considerations, and the conclusions of all studies presented in this 
thesis. Furthermore, implications for clinical practice will be given and recommen-
dations for future research will be discussed. 
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Chapter 2 
Physical performance measurement 
in chronic low back pain: measuring 
physical capacity or behaviour? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is submitted for publication in revised form as:  
Huijnen IP, Verbunt JA, Peters ML, Wittink HM, Smeets RJ. Physical performance 
measurement in chronic low back pain: measuring physical capacity or pain-related 
behaviour? 
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Abstract 
In patients with chronic low back pain (CLBP), the level of physical functioning is 
often evaluated to determine the impact of pain on daily life. When the maximum 
level of physical performance, defined by the physical capacity, is desired, a test 
which intends to quantify a person’s best physiological possibilities is needed. It 
seems impossible to eliminate the influence of all non-physiological factors. It ap-
pears that in various performance tests the individual influence of physiological and 
non-physiological factors differ. The main aim of the present review is to discuss the 
influence of both physiological and non-physiological factors on test performance in 
patients with CLBP. 
Four frequently used types of physical performance tests, with increasing influ-
ence of pain-related and psychological factors during test performance will be dis-
cussed in depth. 
The degree physiological and non-physiological factors influence test outcome 
differs between the performance tests. The influence of physiological factors is 
most prominent in (sub)maximal exercise testing, followed by muscle strength test-
ing, and lifting tasks. The influence of non-physiological factors is most prominent in 
holding endurance tasks, followed by functional performance tasks. 
In order to decide which assessment tool for physical performance can best be 
used for the evaluation of physical functioning in patients with CLBP, one should 
specifically consider the question that has to be answered. In case a patients’ physi-
cal capacity has to be objectified, another assessment tool is preferred as compared 
to a situation in which a patient’s behaviour is aimed to be assessed. 
1. Introduction 
In both scientific research and clinical practice, the level of physical functioning in 
patients with chronic low back pain (CLBP) is often evaluated in order to determine 
the impact of pain on daily life performance. Valid assessment of physical perform-
ance starts with an exact definition of the desired variable to measure. When the 
maximum level of physical performance, defined by physical capacity, is aimed for, a 
test that accurately quantifies a person’s best physiological possibilities is needed. 
In this situation, physiological factors (e.g. physical fitness, age, and gender) should, 
in the most optimal situation, fully explain test outcome. However, in almost every 
performance test, besides physiological factors also non-physiological (environ-
mental and psychological) factors will influence the eventual test result. The degree 
to which these physiological and non-physiological factors contribute to outcome 
differs between the various performance tests. Whereas the outcome of some tests 
will mainly be influenced by physiological factors and thus approach a person’s 
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physical capacity, others are mainly influenced by non-physiological factors and will 
thus better reflect a person’s behaviour during testing. 
The interpretation of differences on physical performance tests between CLBP 
patients and pain-free volunteers is complex. On the one hand, patients with CLBP 
may show physical deconditioning as a result of pain-related inactivity, character-
ized by a decrease in aerobic capacity and muscle strength. On the other hand, task 
performance may be influenced by psychological factors, such as fear of movement 
and pain catastrophizing. Furthermore, current pain intensity and pain increases 
during task performance can lead to an unwillingness or inability to initiate or carry 
on with a certain physical exercise. 
A review of papers using physical performance testing revealed that compara-
ble performance tests have been used for different purposes: the same tests have 
been used for the assessment of either a patient’s physical capacity level or his 
(avoidance) behaviour. For example, Kankaanpää et al. used an isometric back ex-
tension test to assess physical capacity in patients with CLBP (19) whereas others 
used a similar trunk extension-flexion test to assess (avoidance) behaviour during 
physical performance (1, 8). It seems that those researchers with a special interest 
in individuals’ maximum physical possibilities, such as physiologists, tend to neglect 
the influence of non-physiological factors and primarily focus on physiological fac-
tors that contribute to test outcome. Whereas researchers in psychology using per-
formance tests as a behavioural measure, tend to underestimate the role of physio-
logical factors and are primarily interested in the influence of psychological and 
pain-related factors on test outcome. 
The aim of the present review is to discuss the influence of both physiological 
and non-physiological factors on test performance in patients with CLBP. In order to 
do this, four frequently used types of physical performance tests will be discussed in 
depth. These types of tests were selected because they are assumed to differ in the 
relative degree of physiological versus psychological factors that impact on test 
performance. Finally, advice will be provided, which test is preferable for what 
study aim. 
2. The influence of physiological and non-physiological factors on 
performance tests 
2.1. (Sub)maximal exercise testing to predict VO2-max 
Submaximal exercise tests are designed to reflect a person’s level of peak aerobic 
capacity. Test outcome, maximum oxygen consumption, is estimated from the lin-
ear relation between heart rate and oxygen consumptions at a submaximal work-
load (4). Non-physiological factors are believed to have only a limited influence on 
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test outcome. In studies with patients with CLBP, physiological variables such as 
age, gender, body weight and body composition appeared to be significantly related 
to the outcome of submaximal exercise testing, whereas psychological (e.g. pain 
catastrophizing and fear of movement) or pain-related (e.g. pain intensity) factors 
were not associated with a patient’s level of aerobic capacity (39, 40, 44). Based on 
this, it could be concluded that the outcome of a submaximal exercise test in fact 
reflects one’s level of peak aerobic capacity. 
On the other hand, it has also been reported that pain-related factors can have 
an indirect influence on test outcome. For instance, Smeets et al. found that, as a 
result of pain or fatigue, 10–12% of the patients with CLBP did not reach a prede-
fined heart rate threshold (120 beats/min) during cycling necessary to estimate the 
level of maximal aerobic capacity. Due to this, these patients were excluded from 
the final study-population, which could create selection bias (38, 39). However, 
although these patients had to stop the test due to pain or fatigue, behavioural 
factors, such as the level of pain catastrophizing or fear of movement did not differ 
from those who completed the test (39, 40). Another study found that 54% of pa-
tients with CLBP stopped maximal treadmill testing prematurely because of a sig-
nificant increase in pain intensity (49). Those who stopped because of increased 
pain scored lower on the mental health subscale of the Short Form 36 Health Survey 
(49). The test protocol used in this study revealed however, that a maximum heart 
rate of at least 90% of the age predicted maximum heart rate (220 - age) had to be 
reached. This could explain the higher percentage of patients who could not per-
form a maximal treadmill test in comparison to the percentage of drop-outs in most 
studies based on submaximal bicycle testing. It can therefore be concluded that 
(sub)maximal exercise testing can indeed reflect a valid representation of a person’s 
level of physical capacity for patients who are capable of performing and completing 
the test according to the predefined protocol. 
2.2. Lifting and holding endurance tasks 
Two frequently used lifting tasks are the lifting tasks subset within the Functional 
Capacity Evaluations (FCEs) and the Progressive Isoinertial Lifting Evaluation (PILE) 
(29, 32). FCEs are standardized batteries of tests aimed to measure a persons’ ca-
pacity level related to work (32). In FCE assessment, an estimation of one’s physical 
capacity is aimed for. Especially physiological factors should explain test result, 
whereas psychological and pain-related factors ought to be of minor influence. One 
of the subsets of the FCE consists of tasks that specifically assess a person’s lifting 
capacity. The PILE measures lifting capacity with a floor-to-waist and waist-to shoul-
der lift of a box (29). 
A review of studies that have evaluated the impact of different factors on per-
formance in these lifting tasks revealed that both physiological and non-
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physiological factors determine outcome. Pain intensity (13, 23, 47) as well as a 
patients’ expectancy of his/her performance (3, 23, 24, 32) appear to be important 
determinants of lifting task performance on the FCE. Fear of movement, depression, 
coping style, and general self-efficacy did not have a significant influence on FCE 
performance (33–35, 41). For the PILE, the level of depressed mood and fear of 
movement of patients with CLBP negatively affected performance (2, 12, 38). Thus 
performance on the FCE lifting tasks as well as the PILE are affected by pain-related 
and psychological factors and cannot be interpreted as a pure representation of a 
patient’s maximum level of functional capacity. 
In addition to these functional lifting tasks, holding endurance tasks have been 
described that evaluate the duration a patient can hold a specific weight (e.g. hold-
ing a bag as long as possible) (8, 45). This task has mostly been used to objectify 
patients’ behaviour during testing, instead of someone’s level of physical capacity. 
Pain intensity and the psychological factors fear of movement and pain catastro-
phizing have all been reported to negatively influence performance during a holding 
endurance tasks (8, 45). Noteworthy is that in contrast to the protocols of the FCE 
and PILE both studies using this holding endurance task have ignored the impact of 
physiological factors on task performance. The weight that had to be lifted was 
identical for all patients independent of age, sex or stature. This means that variabil-
ity in test performance cannot be uniquely ascribed to voluntary behaviour. Never-
theless, there were clear effects of psychological variables on task performance; 
taking physiological factors into account could even increase the validity of this test 
as an indicator of behaviour. 
2.3. Functional tasks 
In several studies functional tasks, such as the 50-foot walk, 5-minute walk test, 
repeated sit-to-stand, and climbing stairs, have been evaluated (11, 31, 36, 38). 
These functional tasks have been used to represent the level of physical functioning 
during the performance of basic daily activities (36). Several studies discussed the 
influence of non-physiological factors during test performance (11, 31, 36, 38). A 
higher level of pain intensity had a negative influence on both climbing stairs and 
sit-to-stand performance. Conflicting or non-significant associations between pain 
intensity and the duration of walking on the 50-foot walk test and distance walked 
on the 5-minute walk test were reported (11, 31, 36, 38). Psychological factors ap-
peared to influence test results of functional tasks: Patients with a depressed mood 
scored worse on the distance walked on the 5-minute walk test, performed slower 
on the sit-to-stand task and climbed less stairs on the climbing stair task (38). A 
higher level of internal control of pain was associated with a better performance on 
the 50-foot walk and stair climbing test (38). No associations were found between 
fear of movement and performance on the walking, sit-to-stand and climbing tasks 
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(38)) or self-efficacy and walking and sit-to-stand tasks (11). Summarizing the find-
ings, the influence of non-physiologcial factors on the outcome of functional per-
formance task were either absent or quite modest. One consideration in interpret-
ing these results is that all of these functional tasks represent common and simple 
daily life activities that may be very easy to perform for most patients and therefore 
may not be very sensitive to reflect the effect of either physiological or non-
physiological factors. Also, patients with pain may apply an altered strategy to exe-
cute these daily life activities. This last assumption seems to be confirmed by a find-
ing in a study of Slaboda et al. 2008. In this study, lifting patterns of patients with 
CLBP and healthy volunteers were analyzed. Patients reporting more pain and lower 
self-efficacy showed a different lifting pattern compared to patients with less pain 
and higher self-efficacy, whose patterns were similar to that of healthy controls 
(37). In conclusion, outcomes on functional performance tasks can be affected by 
pain-related and psychological factors and may be more reflective of pain behaviour 
then of actual capacity. 
2.4. Muscle strength and muscle endurance testing 
In CLBP research, muscle strength and muscle endurance testing have often been 
used to evaluate a patient’s level of physical fitness. In this way, muscle strength 
and endurance tests intent to express a patient’s physical capacity. One frequently 
used muscle endurance test is the Biering-Sorensen test which intends to provide 
information about the maximum endurance of the back extensor muscles (5). Dur-
ing testing, a participant is instructed to keep the unsupported upper part of the 
body in a horizontal position until maximum fatigue forces one to stop and maxi-
mum isometric back endurance is reached. Patients with subacute and chronic low 
back pain show poorer performance on the Biering Sorensen test than healthy vol-
unteers, (7, 21, 26). One explanation for the poorer performance may be that due 
to physical deconditioning, patients with CLBP have a higher proportion of fast-
twitch and a lower proportion slow-twitch fibres in the paraspinal muscles as com-
pared to healthy individuals (43). As a consequence, patients with CLBP will fatigue 
faster and terminate the test earlier than healthy volunteers (28). Several studies 
indeed reported a decrease in paraspinal muscle size in patients with pain as com-
pared to healthy individuals (10, 15, 17, 48), and in line with the deconditioning 
paradigm, Keller et al. and Kaser et al. both found that patients with a larger muscle 
area of paraspinal muscles were those with a higher back muscle strength perform-
ance (20, 22). However, not all studies found supporting evidence for an explana-
tion in terms of deconditioning and changes in muscle composition. Crossman et al. 
could not confirm changes in muscle fibre composition in patients with CLBP as 
compared to healthy volunteers (9). In addition, in other studies, no association 
between back muscle strength and the size of the paraspinal muscle area (17, 30) 
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nor the degree of muscle density could be found (17, 22). An alternative explanation 
for the poorer performance in patients with subacute or chronic low back pain 
could be that patients with CLBP discontinue the Biering-Sorensen test before 
maximum fatigue is reached because of pain-related fear or because of an actual or 
expected pain increase due to the exercise. As far as we know, no study so far has 
evaluated the influence of psychological or pain-related factors on the performance 
in the Biering-Sorensen test. 
A second task, frequently used to evaluate back muscle strength is the Cybex 
isokinetic trunk extension flexion test (1, 8, 22). For this task, the influence of psy-
chological and pain-related factors on test performance has been established. 
Lower anticipation of pain, a lower expected pain increase due to task performance, 
and a lower level of fear of movement were all associated with better test perform-
ance (1, 8). Moreover, a higher level of self-efficacy and a lower level of pain at 
exertion were associated with a higher score during muscle strength testing, al-
though this was only found in male CLBP patients (22). In conclusion, like most other 
tests, muscle strength and endurance tests seem to be susceptible to the influence 
of both physiological and non-physiological factors. 
However, it might be possible to disentangle the impact of physiological versus 
non-physiological factors on performance using innovative measurement tech-
niques. Verbunt et al. used a measurement technique allowing to differentiate be-
tween actual and maximal muscle strength and the impact of psychological vari-
ables during isometric quadriceps muscle strength testing in patients with CLBP 
(42). Patients were instructed to fully activate the quadriceps muscle to reach a 
maximum voluntary contraction. During voluntary contraction, the maximal muscle 
strength of the quadriceps muscle was then activated using a superimposed electri-
cal stimulation. The additional power resulting from electrical stimulation on top of 
the voluntary contraction resulted in the highest level of muscle strength possible. 
Subsequently, the voluntary muscle contraction strength was expressed as a per-
centage of the maximal muscle strength possible, resulting in a measure of one’s 
contraction level. Results showed that for patients with CLBP the voluntary muscle 
strength was lower than that of healthy individuals. But in addition, their voluntary 
contraction constituted a lower percentage of the maximal contraction than in 
healthy controls indicating that patients with CLBP performed submaximally. In 
addition, within the patients group, muscle contraction level, but not actual muscle 
strength, was negatively related to both the level of pain intensity and the level of 
distress (42). 
By using this or similar techniques, it may be possible to differentiate between 
physiological and psychological factors influencing test performance. If this is fur-
ther developed and optimized, muscle strength testing may be considered as ap-
propriate tasks to assess actual capacity of patients with CLBP. 
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3. Discussion and conclusion 
This review aimed to discuss the influence of both physiological and non-
physiological factors during performance testing in patients with CLBP. In order to 
achieve information of a patients’ level of maximum physical capacity one should 
choose a test with a minimum influence of pain intensity and psychological factors. 
In patients with CLBP, we recommend to use a (sub)maximal exercise test for this 
purpose. However, when a patients’ behaviour during testing is the primary inter-
est, a task with a potential high influence of pain-related and psychological factors 
during testing may be favoured. For this purpose, a holding endurance task is rec-
ommended. However, for a valid reflection, one should also consider the influence 
of age, gender, and deconditioning processes in this situation. In addition, in case 
one wants to identify the individual influence of physiological and non-physiological 
during testing, additional measurement techniques, such as the superimposed elec-
trical stimulation, have to be added to the study protocol (42). 
In interpreting the results of this review, it is important to consider that pain in-
tensity can have either a direct (short term) or indirect (long term) effect on physical 
performance. Firstly, on short term, pain can have a direct negative influence on 
physical functioning, which is non-physiological of origin: Due to a pain increase 
during testing, a patient can decide to stop or perform sub maximally, which will 
immediately result in a lower score on the performance test. In addition, as as-
sumed in the pain adaptation model, pain can also have a direct negative physio-
logical influence on test performance by decreasing agonist activity and an increas-
ing antagonist activity (27). In the long term, pain can have an additional negative 
effect, that is physiological of origin: As assumed in the fear-avoidance model, in 
patients with a higher level of fear, more pain can lead to fear of movement, char-
acterized by avoidance behaviour (46). Avoidance of activities can lead to physical 
deconditioning, characterized by lower aerobic capacity and lower muscle strength. 
Thus a higher pain intensity can cause deconditioning which will cause lower physi-
cal functioning, based on a long term physiological origin. 
Furthermore, it is important to realize that the influence of physiological and 
non-physiological factors on physical performance may vary within individuals with 
CLBP (18). A person’s perception on the association between future pain and func-
tioning seems to play an important role in this. Huijnen et al. reported that in pa-
tients with CLBP who overpredict their level of activity-related pain, fear of move-
ment was associated with lower muscle strength, whereas no association between 
performance and fear of movement was present in patients who correctly predict 
their activity-related pain (16). In addition, a lower back muscle endurance per-
formance was found in patients showing high catastrophizing compared to patients 
showing low catastrophizing (25). Further differentiation between physiological and 
non-physiological factors can increase our knowledge of underlying mechanisms for 
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performance and can extend the knowledge of subgroups who apply different activ-
ity-related strategies. So far, most of the research has focused on the negative in-
fluence of fear of movement on physical functioning (46). However, not in all pa-
tients perceiving CLBP, fear of movement has a negative effect on functioning (14). 
There seems to be a subgroup who feels disabled in their functioning but have simi-
lar functioning levels compared to healthy volunteers (6, 14). 
It can be concluded that in order to decide which assessment tool for physical 
performance can best be used for the evaluation of physical functioning in patients 
with CLBP, one should specifically consider the question that has to be answered. In 
case a patients’ physical capacity has to be objectified, another assessment tool is 
preferred as compared to a situation in which a patients’ behaviour is aimed to be 
assessed. 
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Abstract 
In patients with low back pain (LBP), physical functioning may be negatively influ-
enced by both expectations on pain and pain-related fear. It is unclear whether 
these factors influence both physical functioning in the laboratory as well as in daily-
life. The aim of this study was to test if a combination of persistent overprediction 
of pain and fear of movement predicts lab-based performance and whether these 
factors are relevant for predicting daily-life functioning. 
One hundred and twenty four patients with subacute LBP performed a labora-
tory-based performance test twice. Maximum voluntary contraction, pre-test pain 
expectations, perceived pain during testing and fear of movement were measured. 
Patients were classified as correct or incorrect predictors, based on differences 
between expected and perceived pain on the second attempt. Next, physical activity 
in daily-life was measured with an accelerometer. 
In explaining physical functioning in the laboratory and in daily-life an interac-
tion effect between fear and pain prediction was observed. In overpredictors, fear 
was negatively associated with lab-based performance (β = - 0.48, p < 0.01), and 
positively associated with daily-life functioning (β = 0.50, p < 0.05). No significant 
association between fear and performance or daily-life functioning were found in 
correct predictors. 
In contrast to correct predictors, in overpredictors lab-based performance and 
daily-life functioning was additionally explained by fear of movement. Thus it ap-
pears that fear of movement is only predictive of performance in patients with LBP 
who simultaneously overpredict the consequences of movements in terms of pain-
fulness. 
1.  Introduction 
Patients with low back pain (LBP) and a high level of fear of movement often show 
poorer performance on laboratory-based physical tests and feel disabled in daily-life 
(14, 31). However, the association between fear of movement and objectively as-
sessed performance has not consistently been found (28, 33). Another factor that 
may influence physical functioning is overprediction of pain (6, 15). Patients with 
LBP that anticipate more pain than the actual activity may cause, might show avoid-
ance (18). Only two studies directly examined the association between overpredic-
tion of pain and poor physical performance in the laboratory. One found that pain 
prediction was predictive of performance (15) The other did not find an association 
(8). One reason may be that both studies used the pain prediction score during the 
first confrontation with the physical performance test. Several studies demon-
strated that most patients readily correct an initial overprediction after repeated 
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exposure to the same test (5, 6, 9, 15). It may be speculated that patients that do 
not correct their expectations and persistently overpredict pain are prone to activity 
avoidance and performance decline. 
It is, however, unclear whether fear of movement and overprediction of pain 
are independent or interdependent risk factors for performance decline. It may be 
assumed that especially patients with high fear of movement are prone to overes-
timate the activity-related pain, although previous studies found only weak or con-
tradictory evidence for this (5, 8, 9, 15). An alternative interpretation could be that 
fear of movement and overprediction of pain interact in the explanation of physical 
performance, i.e., lower functioning levels may be especially prominent in patients 
who overpredict activity-related pain and have a higher level of fear of movement. 
It can also be questioned whether the results from laboratory-based perform-
ance test generalize to daily-life functioning. In the laboratory, patients are con-
fronted with unfamiliar tasks, whereas in daily-life activities are usually recurrent, 
offering greater potential for adjustments of pain predictions. However, persistent 
overprediction in the laboratory may be indicative of patients’ anticipation of activ-
ity-related pain more generally and thereby of activity avoidance in real life as well, 
thus limiting opportunities to correct an overprediction. 
In sum, we tested whether laboratory-based performance is better predicted by 
the combination of (persistent) overprediction of pain and fear of movement and 
whether overprediction in the laboratory has relevance for daily-life functioning. 
Two hypotheses were specified. 
1. In patients with subacute LBP who do not correct their overprediction after 
one repetition of a novel movement, fear of movement has a greater nega-
tive impact on performance than in patients who correctly predict pain on 
the second occasion. 
2. Patients persistently overpredicting pain in the laboratory in combination 
with high pain-related fear also show declines in daily-life functioning. 
2.  Methods 
2.1. Participants 
In this study 124 patients with subacute low back pain (i.e., 4–7 weeks after pain 
onset) participated (29). Inclusion criteria were: (a) low back pain: pain localized 
below the scapulae and above the gluteal folds (16), (b) no significant activity limita-
tions due to back pain in the last three months before the actual episode started, (c) 
age between 18 and 60 (d) no specific cause or strong suspicion of a specific cause, 
such as lumbar disc herniation with neurological complaints, major structural back 
abnormality, evidence of inflammatory, systemic or neoplastic disease. Exclusion 
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criteria were (a) pregnancy; (b) muscle diseases; (c) serious psychiatric diseases; (d) 
cardiac pacemaker; and (e) non-fluency in Dutch. Patients were included in two 
different ways: they were referred by one of 29 general practitioners in South Lim-
burg in the Netherlands or they responded to an advertisement in a local newspa-
per. To check the above mentioned selection criteria, a physician performed a 
medical screening according to the clinical guideline for low back pain of the Dutch 
College of General Practitioners (7). All patients gave their written informed consent 
prior to participation in the study. The Medical Ethics Committee of the Rehabilita-
tion Foundation Limburg and the Institute for Rehabilitation Research, Hoensbroek, 
The Netherlands, approved the experimental protocol. 
2.2. Physical measures 
2.2.1. Physical functioning in a laboratory setting 
Physical functioning in a laboratory setting was measured as the subject’s maximum 
muscle strength, based on isometric muscle strength testing of the quadriceps mus-
cle (Cybex II isokinetic dynamometer, Cybex, Ronkonkoma, NY). This task was cho-
sen as representation for daily-life functioning because, in this test, patients need to 
anticipate on a new physical challenge. This situation resembles a daily-life situa-
tion, in which patients have to deal with many unfamiliar activities. The reliability of 
isometric muscle strength testing of the quadriceps has been reported as moderate 
to high (4). Furthermore, the isometric quadriceps torque is related to self-reported 
physical functioning in patients with osteoarthritis (19). Subjects were asked to 
gradually build up force to a maximum level and then hold the muscle contraction 
for 5 seconds. Measurements were performed unilaterally on the preferred leg of 
the subject and expressed as maximum isometric peak torque. The maximum volun-
tary contraction (MVC) was standardized per kilogram lean body mass (MVC/LBM). 
Verbunt described the measurement protocol in detail (27). 
2.2.2. Physical functioning in daily-life 
Physical functioning in daily-life was expressed as the subject’s level of physical 
activity in daily-life assessed by a tri-axial accelerometer (RT3; Stayhealthy Inc., 
Monrovia, USA). Acceleration signals from the three measurement directions (the 
sagittal, the mediolateral and the longitudinal axes of the trunk) were amplified and 
filtered. The resultant of the rectified acceleration from all three directions was 
calculated. The number of occasions per minute on which this signal exceeded a 
predefined threshold (counts) was counted. For every minute the number of counts 
was stored in a database within the accelerometer. Subjects were instructed to 
wear the RT3 during waking hours for 7 consecutive days. The final total activity 
score was expressed as the mean counts per day (Activitymean). To be included as a 
valid physical functioning in daily-life score, at least 5 measurement days, including 
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1 weekend day, had to be available (10). The tri-axial accelerometer is a valid in-
strument for the measurement of physical functioning in daily-life in patients with 
LBP (30). 
2.3. Self-report measures 
2.3.1. Pain intensity 
Immediately prior to the muscle strength effort, when the patient was already sit-
ting on the Cybex chair, expected pain intensity during task performance was rated 
verbally on a numerical rating scale with extremes of 0 (no pain) and 100 (unbear-
able pain) (2). In addition, after performing the task, patients were also asked to 
rate their perceived pain during task performance in an identical way. 
2.3.2. Fear of movement/(re)injury 
The Dutch version of the Tampa Scale for Kinesiophobia measures fear of move-
ment. This questionnaire contains 17 items and is aimed at the assessment of fear 
of (re)injury due to movement. This version has a moderate internal consistency (α 
= 0.77) and validity (32). 
2.3.3. Disability 
Low back disability was assessed using the Quebec Back Pain Disability Scale 
(QBPDS). This scale contains 20 items of which each item is rated from 0 (No diffi-
culty performing this activity) to 5 (Impossible to perform this activity). The original 
as well as the Dutch version of the QBPDS are valid and reliable (13, 23). 
2.4. Procedure 
Questionnaires were filled out in the laboratory directly prior to the muscle strength 
assessment. Both the experimenter and patient were blinded for the exact strength 
assessment outcome. Data were stored on a computer. Patients were asked to 
predict pain intensity associated with the muscle strength task. Before the first 
attempt, each participant verbally rated the expected intensity of pain during test 
performance. After actual test performance (s)he rated the pain intensity he/she 
actually perceived during testing. Subsequently, a second attempt based on an 
identical procedure was made. Before the second attempt patients were again 
asked to rate their expected pain. After the task perceived pain during the task was 
rated. 
Since we were interested in persistent overprediction of pain, for further analy-
ses the discrepancy in predicted and perceived pain scores during the second at-
tempt were used. The first attempt was performed to become familiar with the task 
and to allow initial overprediction to be corrected. Differences (D) in pain prediction 
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before and perceived pain during physical performance were then calculated by 
subtracting the level of perceived pain from the level of predicted pain. Based on 
this score for pain prediction accuracy, patients were classified in three pain predic-
tion subgroups: patients who scored a D of -5 or below were classified as “under-
predictor”. Patients who scored in between -5 and 5 were labelled as “correct pre-
dictor”. And finally, patients who scored a D of 5 or above were classified as “over-
predictor”. 
2.5. Data analysis 
In order to study the association between both fear of movement and pain predic-
tion and physical functioning in the laboratory a hierarchical regression analysis was 
used. In the first step, MVC/LBM was the dependent variable in the model, and fear 
of movement (TSK), age, gender, and pain prediction group were introduced in the 
model as independent variables. In the second step the interaction term (fear x pain 
prediction group) was introduced. Furthermore, in case of a significant interaction, 
additional regression analyses were performed for both groups separately to iden-
tify influencing factors for physical functioning. 
In order to study whether pain prediction in the laboratory is also associated 
with physical functioning in daily-life, a hierarchical regression analysis was per-
formed with Activitymean as the dependent variable and MVC/LBM, TSK, age, gender, 
and pain prediction group as the independent variables in the first step. We in-
cluded MVC/LBP as an independent variable in the model to verify that the chosen 
performance test has indeed relevance for daily-life performance. In the second 
step of the regression analyses the interaction between fear of movement and the 
pain prediction groups was added. If this interaction was significant, again addi-
tional regression analyses were performed for both pain prediction groups sepa-
rately. In this, Activitymean was the dependent variable and MVC/LBM, TSK, age, and 
gender were the independent variables. For all regression analyses, a colinearity 
check was performed. Colinearity was considered a problem when the variance 
inflation factor (VIF) was above 3. Alpha was set at 0.05. All statistical analyses were 
performed using SPSS software (SPSS Inc., Chicago, Ill.). 
3. Results 
3.1. Descriptive analyses 
Mean age of the 124 patients (66 male and 58 female) was 44.1 years (SD=10.3). 
Thirteen patients were excluded from the analyses. Reasons for exclusions were; no 
measurement of physical functioning in daily-life (N = 9) or laboratory (N= 2), no 
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registration of the pain prediction (N = 1) or non-completion of the questionnaire (N 
= 1). Reasons for the absence of data on physical functioning in daily-life measure-
ment were failure of the RT3 (N = 6) or an inadequate assessment period (less than 
5 days) for the RT3 (N = 3). Patients included and excluded from further analysis 
were not significantly different as to age, gender or disability level. Frequencies per 
pain prediction group showed that for the first pain prediction, 62 patients overpre-
dicted, 43 correctly predicted and five underpredicted their pain. As expected, 
overprediction of pain was readily corrected after the initial experience with the 
performance test in many patients. Prediction of pain for the second performance 
was accurate in 73 patients, 30 patients still overpredicted pain. Table 1 presents 
the patient characteristics per pain prediction group (based on the second perform-
ance test). The sample of the group “underpredictors” comprised only eight persons 
and was not included in any further analysis. There were no differences in age, gen-
der, paid job, sick leave, or disability payment, between patients that overpredicted 
their pain (N = 30) and patients that predicted their level of activity-related pain 
correctly (N = 73). Furthermore, the level of fear of movement, and disability did not 
differ between the overprediction and correct prediction group. 
 
Table1: Characteristics of the study population 
 Underprediction 
group (n=8) 
Overprediction group 
(n=30) 
Correct prediction 
group (n=73) 
Male/Female 5/3 18/12 36/37 
Age 42.2 (13.6) 44.1 (11.0) 44.7 (9.9) 
Work status (percentage)    
- Paid job 6 (75 %) 22 (73 %) 50 (69 %) 
- Sick leave 0 3 (10 %) 12 (16 %) 
- Disability payment 0 1 (3 %) 7 (10 %) 
TSK * 38.8 (6.1) 35.1 (8.6) 36.1 (7.3) 
QBPDS ** 41.9 (16.4) 36.5 (18.0)  42.2 (17.7) 
* TSK = Tampa Scale for Kinesiophobia; ** QBPDS = Quebec Back Pain Disability Scale 
3.2. The influence of pain prediction and fear of movement on physical 
functioning in the laboratory 
In table 2 the outcome of the regression analysis with physical functioning in the lab 
as dependent variable is presented. The inclusion of the variables in the first step 
did not yield a significant model. Thus, neither fear of movement nor overprediction 
of pain were associated with laboratory-based performance on their own. In the 
second step of this regression model the interaction term fear x pain prediction 
group was added which resulted in a significant model. The interaction contributed 
to the explanation of physical functioning in the lab. Figure 1 presents the interac-
tion between fear of movement and prediction subgroup for physical functioning in 
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the laboratory. As can be seen from the figure, in correct predictors, fear of move-
ment was not associated with physical functioning in the lab.  
 
Table 2:  Regression analyses with physical functioning in the laboratory as dependent variable 
 Independent variables R² Adjusted R² Standardized β 
Step 1:     
MVC/LBM  Age 0.08 0.04 -0.12 
 Gender    0.18 
 TSK   -0.16 
 Pain prediction subgroups   -0.00  
Step 2:     
MVC/LBM  Pain prediction x TSK 0.16** 0.12** 0.49** 
** p < 0.01 
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Figure 1:  The interaction between fear of movement and pain prediction subgroup for physical func-
tioning in the lab 
 
However, for overpredictors an increase in the level of fear was associated with a 
decrease in laboratory-based physical functioning. To further explore the influenc-
ing factors for physical functioning within the overpredictor and correct predictor 
subgroup additional regression analyses per pain prediction group were performed 
(Table 3). In the overpredictor group a significant model was found. Age and fear of 
movement were significant predictors. In the correct predictor group no significant 
model was found. 
 
 
 
.
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Table 3:  Regression analyses with physical functioning in the laboratory as dependent variable within 
the overprediction and correct prediction group 
 Independent variables R² Adjusted R² Standardized β 
Overpredictors:     
MVC/LBM  Age 0.45** 0.39** -0.35* 
 Gender   0.05 
 TSK   -0.48** 
 
Correct predictors:     
MVC/LBM  Age 0.04 0.00 0.01 
 Gender   0.19 
 TSK   0.06 
* p < 0.05, ** p < 0.01 
3.3. The association between pain prediction in the lab and daily-life physical 
functioning 
Table 4 presents the regression model with physical functioning in daily-life as de-
pendent variable. As the first step in the analysis shows, physical functioning in 
daily-life is related to physical functioning in the lab and age. There were no main 
effects of pain prediction group or fear of movement. However, in the second step 
of the analyses, a significant interaction was found between pain prediction group 
and fear of movement.  
 
Table 4:  Regression analyses with physical functioning in daily life as dependent variable 
 Independent variables R² Adjusted R² Standardized β 
Step 1:     
Activitymean MVC/LBM 0.17 ** 0.12** 0.20* 
 Age   -0.23* 
 Gender   0.15 
 TSK   0.12 
 Pain prediction subgroups   -0.07 
Step 2:     
Activitymean Pain prediction x TSK 0.20** 0.15** -0.33* 
* p < 0.05, ** p < 0.01 
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Figure 2:  The interaction between fear of movement and pain prediction subgroup for physical func-
tioning in daily life 
 
Figure 2 presents the interaction between fear of movement and pain prediction 
group for physical functioning in daily-life. Whereas for the correct predictors fear 
of movement was not associated with daily-life functioning, for overpredictors, an 
increase in the level of fear of movement was associated with an increase in the 
level of physical functioning in daily-life. Table 5 presents the regression models per 
pain prediction group with physical functioning in daily-life as dependent variable. 
Only in the overpredictor group, fear of movement was significantly related to 
physical functioning in daily-life. In all analyses, VIF factors were below 1.9 and no 
outliers appeared to be present. 
 
Table 5:  Regression analyses with physical functioning in daily life as dependent variable within the 
overprediction and correct prediction group 
 Independent variables R² Adjusted R² Standardized β 
Overpredictors:     
Activitymean MVC/LBM 0.29 0.17 0.25 
 Gender   -0.13 
 Age   -0.41 
 TSK   0.50* 
Correct predictors:    
Activitymean MVC/LBM 0.19 ** 0.15** 0.25* 
 Gender   0.23* 
 Age   -0.22* 
 TSK   -0.03 
* p < 0.05, ** p < 0.01 
 
.
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4. Discussion 
This study aimed to evaluate the influence of persistent overprediction of activity-
related pain prediction and fear of movement on physical performance in the labo-
ratory for patients with subacute low back pain. A second aim was to examine the 
influence of fear of movement and pain prediction on daily-life functioning. 
The results indicated that in patients that correctly predict activity-related pain, 
fear of movement does not influence their lab-based performance, in contrast to 
persistent overpredictors in whom a higher level of fear was associated with a lower 
performance level. This last finding supports the role of fear of movement in the 
overprediction group as described in the fear-avoidance model (14, 31). This model 
describes how pain patients who are afraid of injury will have lower physical func-
tioning levels compared to healthy individuals and who thus are prone to develop a 
deconditioning syndrome. In cases where persistent overprediction of activity-
related pain is associated with higher levels of fear of movement, these patients 
may belong to a subgroup at risk for chronification of pain and development of this 
deconditioning syndrome. Deconditioning could not be confirmed in patients with 
chronic low back pain. However, pain-related fear and persistently overpredictions 
of activity-related pain were not taken into account (3, 28, 33, 34). 
Furthermore, the influence of pain-related fear on physical capacity could not 
be unequivocally established. Whereas some studies indicate that, based on pain-
related fear, patients who have lower levels of physical functioning can be distin-
guished from those who have levels comparable to healthy individuals (1, 8, 22, 27), 
others found no influence of fear on functional capacity and maximum oxygen con-
sumption (21, 24). A possible reason for this could be that in the latter studies the 
patients with LBP were not divided into correct predictors and overpredictors of 
activity-related pain, and thus masking any influence of pain-related fear in the 
whole population of patients with LBP. Since lab performance testing is often used 
to simulate a patient’s functioning in daily-life, it is important to realise that for 
patients who overpredict activity-related pain a result from a performance test may 
be influenced by pain-related fear, which, in turn, may limit the generalizability to 
daily-life functioning. 
In all patients, physical performance in the laboratory was marginally associated 
with their daily-life functioning, but in contrast to the laboratory findings, in daily-
life it appeared that patients who overpredicted their activity-related pain and ex-
perience more fear have a higher physical activity level in daily-life. These contrast-
ing findings on the effect of fear and the accuracy of activity-related pain prediction 
in either a lab-based or daily-life situation are intriguing. It could be that patients 
who have high fear scores, will perform activities in daily-life, but in a different 
manner (25, 26). In the experiments by Thomas, patients with subacute low back 
pain had to reach three targets at a comfortable and a fast pace. Motion of the 
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thoracic spine, lumbar spine, and hip were recorded. Patients with high pain-related 
fear indeed completed the movement but with a different strategy; they avoided 
motion of their lumbar spine (25). Furthermore, they performed the fast pace 
reaching tasks with smaller peak velocities and smaller accelerations (26). In a lab 
situation, patients are not able to choose their own performance strategy, since the 
activity often has to be performed according to a fixed protocol. The only possible 
way to cope with a feared activity is to submaximally perform during this activity. In 
our study, there was no alternative strategy possible to perform the quadriceps 
task, which could have resulted in submaximal performance for patients with high 
pain-related fear and overprediction. In contrast, in daily-life, patients can use dif-
ferent performance strategies in order to reach the same goal. To avoid a feared 
activity (e.g., cycling) an alternative activity (e.g., walking) might be chosen to, even-
tually, reach the same goal (e.g., arriving at the shop). In this example the alterna-
tive strategy (walking) necessitates even more energy expenditure as compared to 
the avoided activity (cycling), eventually resulting in a higher level of physical activ-
ity in daily-life as a result of fear. 
One limitation of the current study is the low number of patients that under-
predicted their pain, which hampered processing the data of this group in the statis-
tical analyses. The question thus remains, whether underpredictors, who do not 
seem to anticipate on an activity-related pain increase, indeed experience a pain 
increase after strenuous activities in their daily-life functioning. It is hypothesized 
that this could be the group of patients with chronic pain with the highly fluctuating 
activity pattern as described in the avoidance endurance model (11, 12). In addition, 
in the current study, information on expected pain and perceived pain out of the lab 
situation was used as an indicator for activity-related pain prediction during physical 
performance in daily-life. This raises the question whether patients that overpredict 
pain in the laboratory also overestimate a pain increase as a result of a strenuous 
activity resulting in avoidance of these activities during the day. It was hypothesized 
that this group of patients do not participate in many strenuous activities that lead 
to an increase of pain. To further unravel the interaction between activity, fear and 
pain in daily-life, additional information could be gathered by combining daily activ-
ity assessment using an accelerometer, in combination with a diary in which pain, 
fear and even expectations will be registered. 
An other limitation of this study is the use of a verbal numerical rating scale for 
expected and perceived pain that is a 101 point scale. However, patients tend to use 
5 or 10 point steps reducing it to a 21 points scale. Furthermore, patients remember 
their expected pain score and this may influence their perceived pain. In this study 
we chose to interpret a score between -5 and 5 as a correct prediction in contrast to 
research on the match-mismatch model. In the latter studies pain was rated on a 10 
cm visual analogue scale and a score between -2 and 2 was interpreted as a correct 
prediction (17, 20). 
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This study has several clinical implications. In evaluating the functioning of the pa-
tient with subacute LBP with a physical task, in patients that persistently overpredict 
their activity-related pain, higher levels of fear of movement are associated with a 
lower performance. This group of patients could be prone to develop a decondition-
ing syndrome with a higher disability level as described in the fear-avoidance model. 
Furthermore, in evaluating functioning with a performance task in which non-
physiological factors can influence performance, it is important to realise that over-
predictions of pain and pain-related fear can influence with the test outcome. 
In summary, in the current study in patients who do not correct their overpre-
diction of pain after a physical performance in the laboratory, higher levels of pain-
related fear were associated with a lower performance level in a laboratory setting, 
whereas in daily-life functioning this was associated with a higher functioning level. 
For patients that predicted their pain correctly, pain-related fear had no influence 
on lab-based performance or daily-life functioning. 
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Abstract 
Patients with musculoskeletal pain often report limitations in daily functioning due 
to pain. Recently, the World Health Organisation (WHO) recommended in their 
International Classification of Functioning, Disability and Health (ICF) to accentuate 
patients remaining possibilities in functioning instead of focussing on restrictions. In 
patients with musculoskeletal pain, this would imply that a person’s ‘‘daily activity 
level” rather than his/her ‘‘disability level” has to be focussed upon. At this mo-
ment, broad consensus about how to measure physical activity in daily life in pa-
tients with pain has not been established. 
The objectives of this study were twofold, firstly to identify instruments assess-
ing the level of physical activity in daily life in patients with musculoskeletal pain 
and secondly to review psychometric properties of the instruments identified. In all, 
42 articles derived from the literature on musculoskeletal pain were included in the 
review. Thirty four assessment instruments for physical activity were identified; 
fourteen questionnaires, ten diaries and ten instruments based on movement regis-
tration. Only, 10 out of these 34 instruments contained full or partial information 
regarding pain specific psychometric properties. At this moment, for quantitative 
assessment of physical activity, movement registration seems to be favoured based 
on its higher degree of objectivity in comparison with self report. Taken together 
more research is needed to evaluate psychometric properties of instruments meas-
uring physical activity in musculoskeletal pain. 
1.  Introduction 
Patients with musculoskeletal pain often report an undesired reduction of their 
daily activity level. This impact of pain on a patient’s daily functioning is generally 
expressed as a patient’s level of disability. According to the International Classifica-
tion of Impairments, Disabilities and Handicaps (ICIDH) disability has been defined 
as ‘‘any restriction or lack of ability to perform an activity in the manner or within 
the range considered normal for a human being” (WHO, 66). Consequently, numer-
ous assessment instruments for disability have been developed and evaluated. In 
recent years, however, interest has shifted to the patient’s remaining possibilities in 
functioning instead of his/her disability level. In 2001 the WHO replaced the ICIDH 
by the International Classification of Functioning, disability and health (ICF: WHO, 
67). Whereas the ICIDH concentrated on impairment, disability, and handicap to 
illustrate the impact of illness or disease, the ICF focusses on the patient’s residual 
functional capacity despite disease. In the ICF concept ‘‘activity” more than ‘‘disabil-
ity” has become an important parameter for daily functioning. 
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However, regardless this conceptual change daily functioning is most of the time 
still evaluated as pain related disability instead of accentuating remaining abilities 
despite pain. Although the concepts of ‘‘activity” and ‘‘disability” share many simi-
larities as they both reflect the impact of pain on daily functioning, they are not 
identical. The association between a patient’s disability level and the level of daily 
physical activity appeared to be only low or non-existing in patients with chronic 
low back pain (57). In addition, in clinical (rehabilitation) practice, assessment of a 
patient’s activity level seems favoured above disability assessment. Activity plans 
representing a gradual increase of a patient’s activity level rather than assessing a 
decrease in disability during treatment seem better related to a patient’s perspec-
tive and emphasize self management. Although the advantage of activity assess-
ment in pain seems clear, a recent overview of available information on activity 
assessment is still lacking. 
In order to review literature on physical activity and musculoskeletal pain, it is 
important to set a clear definition of the concept ‘‘physical activity”. The WHO re-
fers to physical activity as ‘‘any bodily movement produced by skeletal muscle that 
results in a substantial increase over the resting energy expenditure” (10, WHO, 68). 
In the WHO classification of functioning (ICF) activity is referred to as ‘‘the execution 
of a task or action by an individual”. In addition activity limitations are ‘‘difficulties 
an individual may have in executing activities.” A clear distinction between the con-
cepts physical activity and physical exercise has to be made. Physical exercise is 
defined as a particular type of physical activity that is not incidental but planned and 
structured, with the aim of improving or maintaining various aspects of physical 
fitness (WHO, 68). 
The aims of the present study are: 
• To identify methods for the assessment of the level of physical activity in 
daily life as presented in the literature on musculoskeletal pain. 
• To present psychometric properties of the instruments identified. 
2.  Methods 
2.1.  Search strategy 
A systematic search was conducted including the following literature databases: 
Medline, Cinahl, Embase and PsycINFO. All databases were searched from the be-
ginning of each database up to December 2006. Keywords used in the search strat-
egy were: 
Outcome and assessment with the synonyms: (Questionnaire OR Observation 
OR Diary OR ESM OR Actometer OR Pedometer OR Accelerometer OR Activity and 
monitoring OR Ambulatory and monitoring) AND Activities and daily and living with 
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the synonyms:(Leisure and activities OR Work and activities OR Sport and activities 
OR Physical and activity) AND Musculoskeletal and pain with the synonyms: (Back 
and pain OR Neck and pain OR Shoulder and pain OR Fibromyalgia OR Whiplash OR 
(Cumulative AND trauma AND disorders)). 
Articles describing a study based on animal research, and research focussing on 
acute post surgery pain were excluded by entering the search term ‘‘NOT” in the 
search strategy. Inclusion criteria were defined and used to acquire all relevant 
literature. In order to be included a paper had to meet the following criteria: 
The article had to: 
• Describe results based on a study in patients with musculoskeletal pain. 
• Describe a study in adults. 
• Be written in English, Dutch, French or German. 
• Express results based on at least one assessment instrument of physical ac-
tivity in daily life. 
2.2. Study Selection 
In the first step, two of the authors (JV and IH) independently reviewed the titles of 
the studies that were selected based on a search with the presented key words and 
their synonyms. The above presented inclusion criteria one to three were applied. 
In the second step, the abstracts of the studies selected in the initial step were read 
and all inclusion criteria were applied. Both reviewers reviewed the abstracts inde-
pendently. The abstracts that fulfilled all four inclusion criteria were included for the 
full text selection. In case not enough information was presented in the abstract, 
the study was included for full text reading. Furthermore, the selection of papers 
was extended by screening the reference lists of all selected articles for additional 
articles that fulfilled the inclusion criteria. The reference lists of the papers that 
were selected based on this hand search were not searched for additional studies. 
In addition, experts in the field of physical activity in daily life measurement in 
chronic pain were asked for any additional articles. A total number of four experts 
was consulted with an expertise in patient care on low back pain (rehabilitation 
medicine and physiotherapy) as well as expertise in research on the topic of back 
pain (movement sciences and epidemiology). Disagreements at any stage of the 
study selection were dealt with by consulting the third author (AK). 
Based on full text reading, all articles were systematically reviewed. Seven char-
acteristics (author and year of publication; name of instrument; patient population; 
variable measured; method of assessment; timeframe; psychometric properties) 
were systematically reviewed for every article. 
Detailed information of the characteristics is presented in the appendix. 
The following advice regarding physical activity assessment as reported in the litera-
ture, were taken into account: Firstly, an accurate evaluation needs an assessment 
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instrument with good psychometric properties. Secondly, to measure a mean daily 
activity level, an assessment period needs at least 3 to 5 days (51) and inclusion of 
both week and weekend days is preferred (21). Thirdly, information on a patient’s 
physical activity pattern or fluctuations of activities over time will provide additional 
information. And finally, to calculate energy expenditure based on physical activity, 
the type of activities performed (walking, cycling, running, occupational activities 
etc…) has to be scored. In patients with musculoskeletal pain, specifications of oc-
cupational activities seem especially of interest. Losing one’s job due to pain can 
have an enormous influence on daily energy expenditure. For this reason, Protas 
suggested that questionnaires regarding physical activity in pain should contain 
questions about occupational activities (1999). 
Psychometric properties were evaluated as regarding the following criteria: Va-
lidity scores were scored as high in case r > 60, moderate for r > 0.30 and <0.60 and 
low for r < 0.30. Test-retest reliability was scored as high for an ICC >0.90, moderate 
for ICC 0.75–0.90 and low for scores below 0.75. Test-retest reliability scored based 
on a Pearson or Spearman correlation coefficients were classified as high in case r > 
0.80, moderate for 0.50–0.80 and low for r < 0.50 (65). 
3.  Results 
The results of the selection procedure are presented in Fig. 1. The literature search 
identified 420 articles. As a result of step one, the first and the second reviewer had 
86.9% agreement in the selection of the titles. Based on the final decision of the 
third reviewer a total number of 271 articles was selected for further evaluation. 
The initial agreement score between the first and the second reviewer was 74.2%. 
Eventually, after the selection of the third reviewer, a total of 49 articles were se-
lected for full text evaluation. In addition, the hand search resulted in 7 articles. 
Experts in the field recommended 6 additional articles. Finally, a total of 62 articles 
were selected for full text evaluation. 
After full text evaluation it appeared that 16 of the 62 articles did not contain an 
instrument assessing physical activity in daily life. For these articles, full text reading 
revealed that the decision made in the second step of the selection procedure 
wasn’t appropriate. In most of the 16 articles, the presented instrument focussed 
on impairment or disability assessment instead of the assessment of physical activ-
ity in daily life. Two additional articles mentioned physical activity in their text, but 
did not contain any assessment method. In addition, in two articles physical activity 
was measured, although it wasn’t in a population of patients with musculoskeletal 
pain and the articles were hence excluded. In both articles, physical activity was 
assessed in healthy individuals, who were followed over time to identify persons at 
risk for musculoskeletal pain. Finally, 42 articles presented at least one assessment 
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instrument for physical activity in daily life in patients with musculoskeletal pain and 
fulfilled all selection criteria, and were selected (Fig. 1). In four of the 42 articles 
even more than one assessment method is discussed (4, 18, 37, 64). Based on the 
assessment instruments presented in all evaluated articles, three main categories of 
activity assessment in musculoskeletal pain were identified: questionnaires, diaries 
and movement registration. 
 
 
Database search
420 articles
Title selection 
271 articles
Abstract selection 
271 articles
62 articles for 
full text reading
42 articles with at least 1 
instrument on PA in pain
Hand search: 7 articles
Experts in the field: 6 articles
20 articles
without PA assessment
 
 
Figure 1:  The selection procedure of assessments instruments on physical activity (PA) 
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4.  Questionnaires 
Twenty four articles presented a questionnaire to assess physical activity in daily 
life. In four of these 24 articles, the level of physical activity was assessed based on 
one single self prepared question. In none of these four articles, further information 
on the assessment quality of the presented self prepared question was available. 
Although these articles fulfilled the inclusion criteria of this review article, they were 
not included for further presentation in the tables. The remaining twenty articles 
reported on 14 questionnaires assessing physical activity in daily life in patients with 
musculoskeletal pain and are presented in Table 1. The design of the questionnaires 
ranged from a set of self prepared questions to well evaluated questionnaires. The 
time frame of the questionnaires varies from one day to one year. 
Information on psychometric properties for physical activity assessment in a 
population of patients with musculoskeletal pain was only available for four ques-
tionnaires: the Baecke Physical Activity Questionnaire (BPAQ; (26), the General 
Activity Scale of the Multidimensional Pain Inventory (MPI; (27, 36, 38), the Leisure 
Time Physical Activity Instrument (LTPAI; (37)) and the Physical Activity at Home and 
Work Instrument (PAWHI; (37)). The reported validity scores for the various ques-
tionnaires were only low to moderate (r = 0.30 PASIPD; r = 0.40 LTPAI and SQUASH r 
= 0.45). Test retest reliability were either high (Baecke OAI ICC = 0.90; PAWHI ICC 
0.91) or moderate (LTPAI ICC = 0.86; Baecke LAI ICC = 0.71; Baecke SAI ICC = 0.70; 
SQUASH rsp = 0.58; GAS rpearson > 0.62; PASIPD rsp = 0.77). The psychometric evalua-
tion of the Physical Activity Scale for Individuals with Physical Disabilities (PASIPD) 
was performed for patients with disabilities (60). Although in this study, patients 
with pain were included, no specific information on psychometric properties for the 
subgroup of patients with pain was presented. 
Five questionnaires contained specific questions or a subscale regarding occu-
pational activities. These are the Baecke Physical Activity Questionnaire (BPAQ; (26); 
the questionnaire of (32), the Physical Activity Scale for Individuals with Physical 
Disabilities (PASIPD; (60), the Five City Project 7 day recall physical activity ques-
tionnaire (41) and the Physical Activity at Home and Work Instrument (PAHWI; (37). 
4.1.  Diaries 
Twelve articles reported on ten different diaries (Table 2). In most cases, patients 
were asked to report the activities in their diary during an assessment period of one 
week. Only Vendrig and Lousberg, asked patients to complete their diary during 6 
days (55). In the study of Liedberg, a diary was assessed digitally on a notebook. 
Regular activities were entered in a computer program and then presented and 
scored (33). 
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i-
da
te
d 
 
La
ur
en
 e
t 
al
.  
(3
2)
 
Pa
rt
 o
f a
 Q
ue
st
io
n-
na
ir
e 
N
ec
k 
pa
in
  
Ac
ti
vi
ty
 le
ve
l  
- 
In
te
ns
it
y 
N
o 
in
fo
rm
at
io
n 
on
 d
es
ig
n 
qu
es
-
ti
on
na
ir
e 
PA
 a
t 
w
or
k 
an
d 
le
is
ur
e 
ti
m
e 
in
-
cl
ud
ed
 
N
o 
in
fo
r-
m
at
io
n 
N
ot
 m
en
ti
on
ed
 
Po
pu
la
ti
on
 in
 a
n 
oc
cu
pa
tio
na
l 
se
tt
in
g 
Cu
lo
s-
Re
ed
  
an
d 
Br
aw
le
y 
 
(1
7)
 
Se
lf 
pr
ep
ar
ed
  
qu
es
ti
on
na
ir
e 
Fi
br
om
ya
lg
ia
 
A
ct
iv
ity
 le
ve
l 
- 
In
te
ns
it
y 
an
d 
fr
eq
ue
nc
y 
- 
Th
e 
ty
pe
 o
f 
ac
ti
vi
ty
 
- 
Th
e 
re
as
on
 fo
r 
th
e 
ac
ti
vi
ty
 
PA
 in
te
ns
it
y 
w
as
 c
la
ss
ifi
ed
 a
s 
ei
th
er
 
“l
ow
,”
 “
m
od
er
at
e,
” 
or
 “
vi
go
ro
us
” 
in
te
ns
ity
 a
s 
re
po
rt
ed
 b
y 
th
e 
pa
rt
ic
i-
pa
nt
.  
PA
 fr
eq
ue
nc
y 
w
as
 a
ss
es
se
d 
by
 t
he
 
nu
m
be
r 
of
 ti
m
es
 p
ar
ti
ci
pa
nt
s 
w
er
e 
en
ga
ge
d 
in
 P
A
 d
ur
in
g 
th
ei
r 
ty
pi
ca
l 
w
ee
k 
ov
er
 t
he
 p
as
t 6
 m
on
th
s 
(0
, 2
 
or
 le
ss
, o
r 
3 
or
 m
or
e 
ti
m
es
 p
er
 
w
ee
k)
. 
1-
W
ee
k 
M
ea
n 
w
ee
k-
sc
or
es
 
ov
er
 6
 
m
on
th
s 
N
ot
 m
en
ti
on
ed
 
Th
is
 a
ct
iv
ity
 c
la
ss
i-
fic
at
io
n 
w
as
  
ba
se
d 
on
 g
ui
de
-
lin
es
 fr
om
 th
e 
A
m
er
ic
an
 C
ol
le
ge
 
of
 S
po
rt
s 
 
M
ed
ic
in
e 
(3
9)
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A
ut
ho
r 
A
ss
es
sm
en
t i
ns
tr
u-
m
en
t 
(n
am
e 
of
 
av
ai
la
bl
e)
 
Pa
ti
en
t-
po
pu
la
ti
on
 in
 
st
ud
y 
Va
ri
ab
le
 m
ea
s-
ur
ed
 (a
s 
re
-
po
rt
ed
) 
M
et
ho
d 
of
 a
ss
es
sm
en
t 
Ti
m
e 
fr
am
e 
Ps
yc
ho
m
et
ri
c 
pr
op
er
ti
es
 
Re
m
ar
ks
 
W
as
bu
rn
 e
t a
l. 
(6
0)
 
Ph
ys
ic
al
 a
ct
iv
ity
 
sc
al
e 
fo
r 
in
di
vi
du
al
s 
w
it
h 
ph
ys
ic
al
 d
is
-
ab
ili
ti
es
 (P
A
SI
PD
).
 
Pe
rs
on
s 
w
it
h 
di
sa
bi
lit
ie
s 
(in
cl
ud
in
g 
pa
ti
en
ts
 
w
ith
 p
ai
n)
 
N
o 
in
fo
rm
at
io
n 
sp
ec
ifi
c 
re
la
te
d 
to
 
pa
ti
en
ts
 in
 p
ai
n 
A
ct
iv
ity
 le
ve
l 
13
 it
em
s 
qu
es
ti
on
na
ir
e:
 
Su
bs
ca
le
s:
 
- 
Le
is
ur
e 
ti
m
e 
 
- 
H
ou
se
ho
ld
  
- 
O
cc
up
at
io
na
l 
- 
Th
e 
nu
m
be
r 
of
 d
ay
s 
in
 t
he
 p
as
t 
7 
da
ys
 t
ha
t 
on
e 
pa
rt
ic
ip
at
ed
 in
 
gi
ve
n 
PA
 is
 s
co
re
d 
as
 n
ev
er
, s
el
-
do
m
 (1
–2
d/
w
k)
, s
om
et
im
es
 (3
– 
4d
/w
k)
, o
r 
of
te
n(
5–
7d
/w
k)
 a
nd
 
- 
O
n 
av
er
ag
e 
ho
w
 m
an
y 
ho
ur
s 
a 
da
y 
th
ey
 p
ar
ti
ci
pa
te
d 
(<
1h
, 1
-2
h,
 
2-
4h
, >
4h
).
 F
or
 t
he
 o
cc
up
at
io
na
l 
ite
m
 w
er
e 
(<
1h
, 1
-4
hr
, 5
-8
h,
 
>8
h)
.  
To
ta
l s
co
re
 is
 c
re
at
ed
 b
y 
m
ul
ti
pl
y-
in
g 
th
e 
av
er
ag
e 
ho
ur
s 
pe
r 
da
y 
fo
r 
ea
ch
 it
em
 b
y 
a 
M
ET
 v
al
ue
 a
ss
oc
i-
at
ed
 w
it
h 
th
e 
in
te
ns
ity
 o
f t
he
 P
A
. 
1-
W
ee
k 
In
 p
at
ie
nt
s 
w
ith
 d
is
ab
ili
ti
es
: 
Re
lia
bi
lit
y:
 
- 
In
te
rn
al
 c
on
si
st
en
cy
: 
Cr
on
ba
ch
 ɲ
-0
.3
7 
to
 0
.6
5 
(6
0)
  
- 
Te
st
-r
et
es
t 
re
lia
bi
lit
y 
 
Sp
ea
rm
an
 r
=0
.7
7 
(5
3)
 
V
al
id
ity
 
Sp
ea
rm
an
 r
=0
.3
02
 
Cr
it
er
io
n 
va
ri
ab
le
 
ac
ce
le
ro
m
et
er
 
 
V
er
bu
nt
 e
t 
al
. 
(5
6)
 
Ph
ys
ic
al
 a
ct
iv
ity
 
ra
ti
ng
 s
ca
le
 (P
AR
S)
 
Ch
ro
ni
c 
LB
P 
A
ct
iv
ity
 le
ve
l 
20
 it
em
 q
ue
st
io
nn
ai
re
  
Fo
r 
ea
ch
 P
A
, p
at
ie
nt
s 
w
er
e 
as
ke
d 
to
 
in
di
ca
te
 h
ow
 fr
eq
ue
nt
ly
 t
he
y 
ha
d 
pe
rf
or
m
ed
 t
he
 s
pe
ci
fie
d 
PA
 in
 t
he
 
la
st
 tw
o 
w
ee
ks
 u
si
ng
 th
e 
fo
llo
w
in
g 
re
sp
on
se
 c
at
eg
or
ie
s:
 n
ev
er
, r
ar
el
y,
 
no
w
 a
nd
 t
he
n,
 o
ft
en
 a
nd
 v
er
y 
of
te
n.
 
2-
W
ee
ks
 
N
ot
 m
en
ti
on
ed
 
D
er
iv
ed
 fr
om
 
V
er
co
ul
en
 e
t 
al
. 
(5
8)
. 
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A
ut
ho
r 
A
ss
es
sm
en
t i
ns
tr
u-
m
en
t 
(n
am
e 
of
 
av
ai
la
bl
e)
 
Pa
ti
en
t-
po
pu
la
ti
on
 in
 
st
ud
y 
Va
ri
ab
le
 m
ea
s-
ur
ed
 (a
s 
re
-
po
rt
ed
) 
M
et
ho
d 
of
 a
ss
es
sm
en
t 
Ti
m
e 
fr
am
e 
Ps
yc
ho
m
et
ri
c 
pr
op
er
ti
es
 
Re
m
ar
ks
 
N
ie
le
ns
 a
nd
 
Pl
ag
hk
i (
41
) 
Fi
ve
 c
ity
 p
ro
je
ct
 7
-
da
y 
re
ca
ll 
ph
ys
ic
al
 
ac
ti
vi
ty
  
qu
es
ti
on
na
ir
e 
(5
-
CP
to
t)
 
Ch
ro
ni
c 
pa
in
 
 
A
ct
iv
ity
 le
ve
l 
5-
it
em
 q
ue
st
io
nn
ai
re
 
Fi
ve
 s
ub
sc
al
es
: 
Th
e 
to
ta
l a
m
ou
nt
 o
f h
ou
rs
 s
pe
nt
 
du
ri
ng
 t
he
 p
re
vi
ou
s 
w
ee
k 
sl
ee
pi
ng
 
or
 r
es
ti
ng
 (e
ne
rg
y 
ex
pe
nd
it
ur
e 
ra
te
 
(1
 M
ET
), 
an
d 
ac
ti
vi
ty
 o
f l
ig
ht
 (1
.5
 
M
ET
), 
m
od
er
at
e 
(4
 M
ET
), 
ha
rd
 (6
 
M
ET
), 
an
d 
ve
ry
 h
ar
d 
(1
0 
M
ET
) 
in
te
ns
ity
 a
re
 r
ec
or
de
d.
 
To
ta
l s
co
re
: a
ve
ra
ge
 d
ai
ly
 e
ne
rg
y 
ex
pe
nd
itu
re
 r
at
e 
of
 t
he
 p
re
ce
di
ng
 
w
ee
k,
 e
xp
re
ss
ed
 in
 k
ca
l/
d 
or
, w
he
n 
no
rm
al
iz
ed
 fo
r 
bo
dy
 w
ei
gh
t, 
ex
-
pr
es
se
d 
in
 k
ca
l/
d/
kg
. 
 1
-W
ee
k 
 
N
ot
 m
en
ti
on
ed
 
Sa
lli
s 
et
 a
l. 
(4
5)
. 
To
 s
co
re
 e
ne
rg
y 
ex
pe
nd
 th
e 
co
m
-
pe
nd
iu
m
 
of
 p
hy
si
ca
l a
ct
iv
i-
ti
es
 fr
om
  
Ai
ns
w
or
th
 e
t 
al
. 
ha
s 
be
en
 u
se
d 
(1
). 
M
an
ne
rk
or
pi
 a
nd
 
H
er
ne
lid
 (3
7)
 
Th
e 
le
is
ur
e 
ti
m
e 
ph
ys
ic
al
 a
ct
iv
ity
 
in
st
ru
m
en
t (
LT
PA
I) 
Fi
br
om
ya
lg
ia
 
A
ct
iv
ity
 le
ve
l 
4-
It
em
 q
ue
st
io
nn
ai
re
 
3 
PA
 c
at
eg
or
ie
s 
ar
e 
pr
es
en
te
d:
 
lig
ht
, m
od
er
at
e 
an
d 
vi
go
ro
us
, a
 
sh
or
t 
de
sc
ri
pt
io
n 
of
 e
ac
h 
ca
te
go
ry
 
w
as
 p
re
se
nt
ed
.  
Pa
ti
en
ts
 a
re
 a
sk
ed
 t
o 
re
ca
ll 
th
e 
av
er
ag
e 
nu
m
be
r 
of
 h
ou
rs
 s
pe
nt
 
du
ri
ng
 a
 w
ee
k 
in
 P
A 
at
 t
he
 g
iv
en
 
ac
ti
vi
ty
 le
ve
l d
ur
in
g 
th
e 
la
st
 fo
ur
 
w
ee
ks
. 
1-
W
ee
k 
M
ea
n 
sc
or
e 
of
 4
 
w
ee
ks
 
Re
lia
bi
lit
y:
 
Te
st
-r
et
es
t r
el
ia
bi
lit
y 
IC
C=
0.
86
, C
I 0
.7
9 
– 
0.
93
 
V
al
id
ity
: 
Co
ns
tr
uc
t v
al
id
it
y:
 
Ex
te
rn
al
 c
ri
te
ri
on
: t
he
 s
ix
- m
in
ut
e 
w
al
k 
te
st
 (r
=0
.4
0,
 p
=0
.0
2)
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A
ut
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r 
A
ss
es
sm
en
t i
ns
tr
u-
m
en
t 
(n
am
e 
of
 
av
ai
la
bl
e)
 
Pa
ti
en
t-
po
pu
la
ti
on
 in
 
st
ud
y 
Va
ri
ab
le
 m
ea
s-
ur
ed
 (a
s 
re
-
po
rt
ed
) 
M
et
ho
d 
of
 a
ss
es
sm
en
t 
Ti
m
e 
fr
am
e 
Ps
yc
ho
m
et
ri
c 
pr
op
er
ti
es
 
Re
m
ar
ks
 
M
an
ne
rk
or
pi
 a
nd
 
H
er
ne
lid
 (3
7)
 
Th
e 
ph
ys
ic
al
 a
ct
iv
it
y 
at
 h
om
e 
an
d 
w
or
k 
in
st
ru
m
en
t (
PA
H
W
I) 
Fi
br
om
ya
lg
ia
 
A
ct
iv
ity
 le
ve
l- 
oc
cu
pa
tio
na
l 
7-
it
em
 q
ue
st
io
nn
ai
re
  
3 
ca
te
go
ri
es
 f
or
 w
or
k 
at
 h
om
e:
 
lig
ht
, m
od
er
at
e 
an
d 
he
av
y 
ac
tiv
ity
, 
an
d 
fo
ur
 c
at
eg
or
ie
s 
fo
r 
em
pl
oy
-
m
en
t:
 s
ed
en
ta
ry
, l
ig
ht
, m
od
er
at
e 
an
d 
he
av
y 
PA
. 
Su
bj
ec
ts
 w
er
e 
as
ke
d 
to
 r
ec
al
l t
he
 
av
er
ag
e 
nu
m
be
r 
of
 h
ou
rs
 s
pe
nt
 
w
or
ki
ng
 a
t a
 w
or
kp
la
ce
 o
r 
at
 h
om
e 
at
 th
e 
pr
es
en
te
d 
PA
-le
ve
l 
1-
W
ee
k 
 
M
ea
n 
sc
or
e 
of
 4
 
w
ee
ks
 
Re
lia
bi
lit
y 
 
Te
st
 r
et
es
t r
el
ia
bi
lit
y:
  
PA
H
W
I (
IC
C 
0.
91
, C
I 0
.8
2 
–0
.9
6)
 
V
al
id
ity
:  
N
ot
 m
en
ti
on
ed
 
 
M
an
ne
rk
or
pi
 a
nd
 
H
er
ne
lid
 (3
7)
 
Q
ue
st
io
nn
ai
re
: 
ph
ys
ic
al
 a
ct
iv
ity
 in
 
ol
de
r 
pe
op
le
 (P
O
AP
) 
Fi
br
om
ya
lg
ia
 
A
ct
iv
ity
 le
ve
l 
- 
Le
is
ur
e 
ti
m
e 
- 
D
om
es
ti
c 
ac
ti
vi
tie
s 
N
um
be
r 
of
 it
em
s 
un
kn
ow
n 
Ca
te
go
ri
es
, i
nc
lu
di
ng
 b
ot
h 
le
is
ur
e 
ti
m
e 
an
d 
do
m
es
ti
c 
PA
: s
ed
en
ta
ry
 
(c
at
. 1
-2
), 
lig
ht
 (c
at
. 3
), 
m
od
er
at
e 
(c
at
. 4
), 
st
re
nu
ou
s 
PA
 3
h 
a 
w
ee
k 
(c
at
. 5
) a
nd
 s
tr
en
uo
us
 P
A 
se
ve
ra
l 
ti
m
es
 a
 w
ee
k 
(C
at
. 6
) 
U
nk
no
w
n 
N
ot
 m
en
ti
on
ed
 
O
ri
gi
na
lly
 d
es
ig
ne
d 
fo
r 
ol
de
r 
pe
op
le
 
O
liv
er
 a
nd
 
Cr
on
an
 (4
2)
 
Ph
ys
ic
al
 a
ct
iv
ity
 
ite
m
s 
de
ri
ve
d 
fr
om
 
th
e 
N
at
io
na
l h
ea
lt
h 
in
te
rv
ie
w
 s
ur
ve
y 
(N
H
IS
) 
Fi
br
om
ya
lg
ia
 
A
ct
iv
ity
 le
ve
l 
Pa
rt
 o
f N
H
IS
; n
um
be
r 
of
 it
em
s 
no
t 
m
en
ti
on
ed
 
Fr
eq
ue
nc
y,
 d
ur
at
io
n 
an
d 
ty
pe
 o
f P
A 
w
er
e 
m
ea
su
re
d.
 A
 li
st
 o
f P
A 
is
 g
iv
en
 
(w
al
ki
ng
, h
ik
in
g,
 r
un
ni
ng
 e
tc
.) 
an
d 
pa
ti
en
ts
 w
er
e 
as
ke
d 
to
 r
ep
or
t t
he
 
am
ou
nt
 o
f t
im
e 
sp
en
t 
on
 e
ac
h 
PA
.  
Pa
st
 tw
o 
w
ee
ks
 
N
ot
 v
al
id
at
ed
 fo
r 
pa
ti
en
ts
 w
it
h 
ch
ro
ni
c 
pa
in
 
Te
st
-r
et
es
t 
re
lia
bi
lit
y 
of
 N
H
IS
 0
.7
7 
in
 
ge
ne
ra
l p
op
ul
at
io
n 
(8
) 
 
PA
= 
ph
ys
ic
al
 a
ct
iv
ity
; L
BP
= 
Lo
w
 B
ac
k 
Pa
in
; A
D
L=
 a
ct
iv
ity
 o
f d
ai
ly
 li
vi
ng
; M
ET
=M
et
ab
ol
ic
 E
qu
iv
al
en
t 
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Ta
bl
e 
2:
 
 
D
ia
ri
es
 
A
ut
ho
r 
A
ss
es
sm
en
t 
in
st
ru
m
en
t  
Pa
ti
en
t-
po
pu
la
ti
on
  
Va
ri
ab
le
 m
ea
s-
ur
ed
 (a
s 
re
-
po
rt
ed
) 
M
et
ho
d 
of
 a
ss
es
sm
en
t 
Ti
m
e 
fr
am
e 
Ps
yc
ho
m
et
ri
c 
pr
op
er
ti
es
 
Re
m
ar
ks
 
de
 J
on
g 
et
 a
l. 
(1
8)
 
D
ia
ry
; s
el
f 
pr
ep
ar
ed
 
Ch
ro
ni
c 
LB
P 
- 
Ty
pe
 o
f P
A
 
 
1-
W
ee
k 
N
ot
 m
en
ti
on
ed
 
Th
is
 d
ia
ry
 w
as
 
co
m
bi
ne
d 
w
it
h 
an
 a
cc
el
er
om
e-
te
r 
Ro
m
an
o 
et
 a
l. 
(4
4)
 
D
ai
ly
 a
ct
iv
ity
 
di
ar
y 
Ch
ro
ni
c 
LB
P 
A
ct
iv
ity
 le
ve
l 
Th
e 
nu
m
be
r o
f h
ou
rs
 s
pe
nt
 s
it
ti
ng
, 
st
an
di
ng
 o
r 
w
al
ki
ng
, a
nd
 r
ec
lin
in
g 
pe
r 
da
y 
Ti
m
e 
sp
en
t r
ec
lin
in
g 
(a
ve
ra
ge
 n
um
be
r 
of
 h
ou
rs
 p
er
 d
ay
) w
as
 c
ho
se
n 
as
 t
he
 
m
ea
su
re
 o
f P
A
 
M
ea
n 
sc
or
es
 
ov
er
 1
-w
ee
k 
N
ot
 m
en
ti
on
ed
. 
Re
fe
re
nc
e 
to
 d
ia
ry
 p
sy
ch
o-
m
et
ri
c 
pr
op
er
ti
es
 o
f d
ia
ry
 
as
se
ss
m
en
t i
n 
ge
ne
ra
l (
19
) 
Re
fe
re
nc
e 
in
 
m
et
ho
d 
se
ct
io
n 
(2
0)
. 
Ti
m
e 
sp
en
t 
re
cl
in
in
g 
w
as
 
ch
os
en
 b
ec
au
se
 
si
tt
in
g 
an
d 
st
an
di
ng
 t
im
e 
m
ay
 v
ar
y 
w
it
h 
th
e 
ty
pe
 o
f j
ob
 
su
bj
ec
ts
 h
ol
d 
Li
ed
be
rg
 e
t 
al
. 
(3
3)
 
D
ia
ry
 p
ro
-
gr
am
m
ed
 o
n 
a 
no
te
 b
oo
k 
Fi
br
om
ya
lg
ia
 
an
d 
m
yo
fa
s-
ci
al
 p
ai
n 
A
ct
iv
it
y 
le
ve
l 
- 
In
te
ns
it
y 
- 
A
ct
iv
it
y 
pa
t-
te
rn
 
O
w
n 
de
sc
ri
pt
io
n 
of
 P
A 
is
 a
sk
ed
. T
he
se
 
de
sc
ri
pt
io
ns
 a
re
 e
nt
er
ed
 in
 t
he
 d
ia
ry
 
re
pr
es
en
ti
ng
 o
ne
s 
ow
n 
ha
bi
ts
 a
nd
 
w
ee
kl
y 
ro
ut
in
es
 e
m
er
ge
d.
 T
he
 le
ve
l o
f 
PA
 w
as
 a
ss
es
se
d.
 
1-
W
ee
k 
an
d 
4 
da
ys
 
N
ot
 m
en
ti
on
ed
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A
ut
ho
r 
A
ss
es
sm
en
t 
in
st
ru
m
en
t  
Pa
ti
en
t-
po
pu
la
ti
on
  
Va
ri
ab
le
 m
ea
s-
ur
ed
 (a
s 
re
-
po
rt
ed
) 
M
et
ho
d 
of
 a
ss
es
sm
en
t 
Ti
m
e 
fr
am
e 
Ps
yc
ho
m
et
ri
c 
pr
op
er
ti
es
 
Re
m
ar
ks
 
Fo
lli
ck
 e
t a
l. 
(1
9)
 
Ba
sl
er
 e
t 
al
. (
2)
 
D
ia
ry
 
Ch
ro
ni
c 
LB
P 
A
ct
iv
ity
 le
ve
l 
- 
 In
te
ns
ity
 
- 
 T
yp
e 
of
 P
A 
Th
e 
di
ar
y 
is
 o
rg
an
iz
ed
 in
to
 0
.5
 h
 b
lo
ck
s 
Pa
ti
en
ts
 r
ec
or
d 
th
e 
po
si
ti
on
 th
at
 t
he
y 
pe
rf
or
m
ed
 fo
r t
he
 m
aj
or
ity
 o
f e
ac
h 
0.
5 
h 
bl
oc
k 
(i.
e.
, l
yi
ng
, s
itt
in
g,
 s
ta
nd
-
in
g/
w
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Regular activities were entered in a computer program and then presented and 
scored (33). 
In all diaries, the intensity of performed activities was scored. In addition, in the 
diaries of the studies of Follick et al. (19); Linton (34); Henriksson et al. (25); Hen-
riksson and Burckhardt (24); de Jong et al. (18); Basler et al. (2) the type of activities 
performed was also assessed. For this, Linton included a checklist in which all kind 
of activities were presented (34). Patients were asked to evaluate whether they had 
performed any of the activities presented in the checklist and to report in their diary 
the activities in which they participated during the last registration period. Based on 
two diaries (33, 55), physical activity patterns were studied. The study of Vendrig et 
al. reported daily activity registration based on Experience Sampling Method (ESM) 
in which patients are asked to fill in a set of questions on randomly chosen mo-
ments during the day (16, 55). An alarm watch beeped randomly at a fixed number 
of times a day to indicate an assessment moment. At that moment the patient had 
to score activities (together with other pain related items) in a paper booklet. Only 
for one of the presented diaries (2, 19) information regarding psychometric proper-
ties was included. The validity of this diary as compared to the external criterion 
spouse rating appeared to be high. Reliability with a range of r = 0.63 to r = 0.77 for 
different activities seemed to be moderate. 
4.2.  Movement registration 
Twelve articles presented information on ten assessment instruments using move-
ment registration (Table 3). In three studies, an uni-dimensional accelerometer was 
used (28, 29, 35). Four other studies used a triaxial accelerometer (4, 18, 22, 57). Six 
articles reported on activity assessment based on an activity monitor (7, 47, 48, 50, 
52, 64). Most of the activity monitors presented contained three or more acceler-
ometers fixed on different parts of the body. Schasfoort presented information on 
an activity monitor especially designed for upper extremity activity assessment, 
which can be used to assess upper extremity related physical activity in case of 
upper extremity disorders such as complex regional pain syndrome (CRPS). 
The minimum reported registration period of an activity monitor was one day 
(47, 48, 52). Maximum reported registration time was three weeks using the AW-64 
Actiwatch (35). Only for one accelerometer validity testing in a population of pa-
tients with pain was reported and appeared to be moderate (rpearson = 0.72) 
(TRACMOR; (57)). For the activity monitors presented by White and Strong (64), 
Bussmann et al. (7) and van den Berg-Emons et al. (52) psychometric properties 
were tested and all appeared to be high. Six out of these ten assessment instru-
ments based on movement registration were also used to identify physical activity 
patterns over time in addition to a patients mean physical activity level. 
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5.  Discussion 
A total number of 42 articles reporting on instruments for the assessment of physi-
cal activity in studies in musculoskeletal pain were reviewed. A total number of 34 
assessment instruments for physical activity were identified; fourteen measures 
were based on a questionnaire, ten on diary assessment and ten on movement 
registration. Only, for ten out of these 34 assessment instruments full or partial 
information was available on psychometric properties for patients with muscu-
loskeletal pain. 
5.1.  Study selection 
It appeared that sixteen of the 62 articles selected for further reading contained an 
instrument measuring disability or impairment instead of physical activity in daily 
life. Although abstracts reading suggested assessment of physical activity, further 
evaluation revealed, that in fact disability or impairment was measured. This finding 
suggests that unclarity regarding differences between both concepts of ‘‘disability” 
and ‘‘physical activity” as presented consecutively in the ICIDH and ICF still exists. In 
future research, a detailed description of the variable selected for operationalisa-
tion concerning any aspect of functional performance seems therefore important. A 
focus on physical performance/physical activity or on limitations in physical per-
formance will result in the choice of a different kind of assessment instrument. It 
could be that some of the authors selected an assessment method especially based 
on its reputation in the research area, and paid less attention to the instrument’s 
validity for the concept they specifically wanted to objectify. 
5.2.  Quality of assessment instruments 
Although we initially intended to perform a systematic quality evaluation of all as-
sessment instruments used to assess physical activity in a population comprising 
patients with musculoskeletal pain, psychometric properties relating to usage with a 
pain population were only available for a small number of instruments. For some 
instruments, psychometric properties are presented for healthy individuals but not 
specifically for patients with chronic pain, since this information was not available. 
In this, it is essential to differentiate the need for disease/syndrome specific re-
search of psychometric properties of the various instruments. Activity reporting in a 
questionnaire seems more vulnerable to encounter a low back pain specific risk on 
bias as compared with activity monitoring. 
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5.3.  Questionnaires and diaries 
Twenty four of the presented assessment instruments were based on self report. 
Self-report measures, such as questionnaires or diaries, are easy to administer, 
require little time, and are inexpensive. This makes self report measures popular in 
epidemiological studies featuring large sample studies. In addition, questionnaires 
give the opportunity to score the type of activities performed and to gather addi-
tional information on preferences and self-evaluation. In the current study, it ap-
peared that only for seven self report instruments information on psychometric 
properties was available for patients with pain. In general the validity scores of the 
questionnaires reported in the current article were only low to moderate, whereas 
the test-retest reliability seemed moderate to high. A risk on bias which can influ-
ence validity negatively can be introduced based on the fact that a self-report 
measure on physical function can reflect a difference between how patients with 
pain function and how they believe they function, resulting in a differently reported 
physical activity level compared to the actually observed active behaviour (20). In a 
study of Kremer et al. it appeared that patients with pain significantly underesti-
mated their level of activity (30). In line with this finding, Schmidt and Brands (49), 
found that patients were less capable of estimating their physiological level of exer-
tion during a performance test situation than healthy controls (36). For some as-
sessment instruments without psychometric scores for patients in pain psychomet-
ric properties as assessed in healthy individuals are given. However, whether these 
results can be applied in patients with musculoskeletal pain can be argued. Unfor-
tunately, little information on this topic in chronic pain is available. With question-
naires on physical activity designed for a healthy population, the lack of discrimina-
tive validity occurs especially in low physical activity levels, which may result in a so-
called ‘‘floor effect” in a population of chronic pain patients. Modified question-
naires, especially designed for sedentary people, deal with this ‘‘floor effect”. In 
particular, low intensity activities, such as routine light activity, household chores 
and spontaneous activity, tend to be underrepresented (31). In general, however, 
the available modified questionnaires are validated for a healthy older population 
and concentrate on habitual activities of this specific age group. This means that 
occupation-oriented questions are often absent. Nevertheless, these activities are 
of special interest in a population of chronic pain patients. This limits the usefulness 
of a modified activity questionnaire designed for older persons in chronic pain. In 
general, the low to moderate scores on validity for questionnaires are important to 
consider in choosing an instrument to assess physical activity in chronic pain. 
For self report measures based on diaries and activity logs less information on 
psychometric properties is presented in the included articles. Only for the diary 
used in the study of Follick and Basler both validity and reliability scores are pre-
sented and appeared to be adequate, which makes this diary currently the best 
option in case of a choice for diary assessment (2, 19). For both diary and activity 
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logs the recording process in itself can produce changes in physical activity patterns 
during the time of recording (31). In diary assessment based on ESM the influence 
of pain related factors on self report in ESM still exists, however, the influence of 
recall bias is decreased using this method. On each ESM assessment moment, in-
formation is instantly collected instead of retrospectively. In addition, based on ESM 
assessment, changes in variables over time and thus a physical activity pattern can 
be determined. Recently, more ESM research has been performed by using a palm-
top. In this, questions are presented at random moments on a touch screen. Al-
though the ESM method produces valuable information, especially regarding time 
related changes in variables, it can give an overburden for participants which can 
influence compliance and as in diaries and activity logs in general, it can contain the 
risk of influencing the recording process of physical activity patterns itself. 
5.4.  Movement registration 
Twelve articles reported on 10 different methods to assess physical activity based 
on movement registration. In comparison with self report, accelerometry-based 
activity registration provides more objectivity regarding frequency, intensity, and 
duration of physical activity with minimal burden on participants. A variety of 
movement registration systems exist, ranging from simple pedometers, counting 
steps, to three-dimensional activity monitors giving more specific data on both pos-
tures and activities during physical activity. 
In this overview, the use of three uni-axial and four tri-axial accelerometers was 
reported. In a tri-axial accelerometer accelerations from three (the posterior, the 
mediolateral and the longitudinal axes of the trunk) instead of one measurement 
direction are calculated, which improves the prediction of energy expenditure using 
accelerometry (13). Although the tri-axial accelerometer is an improvement in com-
parison with the uni-axial accelerometer, validity is still a topic for debate in accel-
erometry, as illustrated in a study of Welk et al. (61). In this study, in healthy indi-
viduals, the association of several accelerometers with a person’s oxygen uptake 
during exercise as assessed by indirect calorimetry was adequate to high during 
treadmill walking/running (r = 0.87–0.93; 2000). However, during the performance 
of a standardized activity protocol including an abundance of static loaded activities 
or activities needing lots of upper extremity movements (such as cleaning, vacuum 
cleaning, weeding) the association between indirect calorimetry and accelerometer 
outcome decreased to r = 0.48–0.59 (61). Validity of assessment by a single acceler-
ometer could also be compromised based on an asymmetric gait (limping) due to 
pain. For example in patients with an unilateral complex regional pain syndrome on 
the lower extremity, there will be an increasing risk on limping. Validity for tri-axial 
accelerometry for assessment in daily life situations over longer periods (e.g. one 
week) which is relatively less influenced by these specific activities appeared to be 
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adequate for both healthy individuals (5) as in patients with pain (57). Based on the 
fact that the latest accelerometers are very compact, no substantial interference of 
the recording process itself during assessment has to be expected. 
The inaccuracy of uni and tri-axial accelerometers in static loaded situations is 
compensated during activity monitoring. During activity monitoring, not only mean 
activity levels, but also a classification of activities (such as standing, sitting and 
locomotion) can be presented. White and Strong presented the first activity monitor 
in chronic pain research in 1992 (64). Nowadays, activity monitors become more 
and more convenient. Their reduced assessment period and its high costs are how-
ever still disadvantages. Due to large data registration, the assessment period of 
most currently available activity monitors can not cover the advised minimum regis-
tration time for activity assessment of three to five days. Research is directed to 
improve this. 
For both individual accelerometers as activity monitors, reliability data are 
available in healthy individuals but not yet in patients with pain. In addition, neither 
information on responsiveness of accelerometry in pain is yet available. In favour of 
the responsiveness of accelerometry, are the findings of Vlaeyen et al. and de Jong 
et al., who reported a significant activity increase based on accelerometry after 
graded exposure for patients with back pain (18, 59). Research to identify chronic 
pain specific psychometric properties seems however less warranted for the activity 
monitor as compared to a single accelerometer. The monitor is able to identify pain 
related abnormalities in activity, such as assymmetric gait, and as a result of that, 
can control for it. In summary, although assessment based on movement registra-
tion techniques still have to be improved, these techniques seem promising for 
activity assessment in patients with pain based on their objectivity as compared 
with self report. Especially, activity monitoring will have great possibilities as a re-
sult of its capacity to combine quantitative and qualitative activity assessment. At 
the moment, its high costs and restricted registration time are still barriers. 
The scope of the current study focussed on assessment of physical activity in 
daily life. Articles were selected to address differences in measuring physical activity 
and were not intended to address the results on physical activity of patients in mus-
culoskeletal pain in the various articles. Recently, a review article was published 
aiming at gaining insight into the daily physical activity levels of patients with mus-
culoskeletal pain or fatigue compared with asymptomoatic controls (54). In the 
current study, articles regarding assessment instruments were evaluated on main 
characteristics, such as patient population; method of assessment; timeframe and 
psychometric properties. 
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6.  Conclusion 
Although the ICF classification favours activity measurement to objectify a patient’s 
level of functioning, currently, assessment instruments for physical activity in mus-
culoskeletal pain with adequate psychometric properties are scarce. It seems that, 
especially in order to guarantee test validity of activity assessment, movement reg-
istration is favoured above self report to present the level of physical activity. Activ-
ity monitoring seems promising for both quantitative and qualitative assessment of 
physical activity in musculoskeletal pain. 
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Appendix A 
 
Full text evaluation included a systematic evaluation of the following characteristics: 
- Author and year of publica-
tion: 
The first author of the article is presented combined with 
the publication year of the article. 
- Assessment instrument: The name of the instrument or in case no specific name is 
mentioned a description of the instrument. 
- Patient population: A specification of the group of patients with musculoskele-
tal pain presented in the article. 
- Variable measured Dimensions of physical activity studied. 
- Method of assessment The operationalisation of physical activity as presented in 
the method section. 
- Timeframe: The period in which data were collected (f.e.: mean activity 
level over one week in a time frame of 6 months). 
- Psychometric properties: Validity, reliability and responsiveness of the instrument of 
interest as reported by the author and presented in the 
text of the selected article. In case a reference was given 
to another article, this information is presented. 
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Abstract 
Patients with chronic pain may have difficulties estimating their own physical activ-
ity level in daily life. Pain-related factors such as depression and pain intensity may 
affect a patients’ ability to estimate their own daily life activity level. This study 
evaluates whether patients with Chronic Low Back Pain (CLBP) who are more de-
pressed and/or report more pain indeed have a lower objectively assessed daily life 
activity level or whether they only perceive their activity level as lower. 
Patients with CLBP were included in a cross-sectional study. During 14 days 
physical activity in daily life was measured, with both an electronic diary and an 
accelerometer. Multilevel analyses were performed to evaluate whether a higher 
level of depression and/or pain intensity was associated with a lower objectively 
assessed activity level or the discrepancy between the self-reported and objectively 
assessed daily life activity levels. 
Results, based on 66 patients with CLBP (mean RDQ score 11.8), showed that 
the objectively assessed daily life activity level is not associated with depression or 
pain intensity. There was a moderate association between the self-reported and 
objectively assessed activity levels (β = 0.39, p < 0.01). The discrepancy between the 
two was significantly and negatively related to depression (β = - 0.19, p = 0.01), 
indicating that patients who had higher levels of depression judged their own activ-
ity level to be relatively low compared to their objectively assessed activity level. 
Pain intensity was not associated with the perception of a patient’s activity level (β 
= 0.12, ns). 
1.  Introduction 
The main aim of many pain rehabilitation programs is to improve a patient’s daily 
life functioning. However, patients with chronic pain often have difficulties estimat-
ing their own level of physical activity in daily life (17). This is supported by studies 
in which a less pronounced association is found between physical activity based on 
self-report and objective movement registrations in patients with Chronic Low Back 
Pain (CLBP) (30, 31), whereas other studies report moderate to high associations in 
healthy individuals (21, 23). For patients with CLBP, a daily life activity measurement 
based on self-report can result in an incorrect presentation of their actual activity 
level (10, 17). 
In patients with chronic pain, several pain-related factors have been reported 
that have a negative influence on their self-reported daily life activities. In previous 
studies, depression and pain intensity were found to be negatively associated with a 
patient’s self-reported activity level (15, 17). However, in studies using objective 
measures for daily life activities no significant associations were found (11, 31). 
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Furthermore, in patients with CLBP who had a lower score on the mental health 
domain of the SF-36 quality of life scale, a lower level of physical functioning was 
found compared to patients with a higher score on mental health, in spite of a com-
parable level of objective performance in the laboratory (32). It may therefore be 
hypothesized that patients with CLBP who are more depressed underestimate their 
daily life activity level. This means that although depression may be associated with 
the perception of the level of physical activity this may not be the case for objec-
tively assessed daily life activity level. Another potential influencing factor for a 
patient’s perception of their daily life activity level is pain intensity. Patients with 
higher levels of pain reported to be less physically active (10, 15). However, in other 
studies in which physical activity was assessed with objective measures such as 
accelerometry, physical capacity or physical performance measures, the association 
between physical activity and pain intensity appeared to be only weak or non-
existent (1, 9, 19, 25, 31). 
In this study, we test whether patients with CLBP who are more depressed 
and/or experience more pain have indeed a lower level of objectively assessed ac-
tivity in daily life or whether they only judge their activity level as lower. We pre-
dicted that especially the discrepancy between the self-reported and objectively 
measured activity level would be influenced by pain and depression, with patients 
reporting more severe pain and higher levels of depression showing a relative un-
derestimation of their objectively assessed physical activity. 
2.  Methods 
2.1. Participants 
This study included a subset of patients participating in a longitudinal cohort study, 
aiming at defining different activity-related strategies in patients with CLBP and 
testing a new theoretical model in which the role of self-discrepancies in explaining 
these different types of activity-related strategies will be evaluated. Inclusion crite-
ria for this study were (a) low back pain: pain localized below the scapulae and 
above the gluteal folds for longer than 3 months (20), (b) age between 18 and 65, 
(c) no specific cause or strong suspicion of a specific cause, such as lumbar disc her-
niation with neurological complaints, major structural back abnormality, evidence of 
inflammatory, systemic or neoplastic disease, (d) agreement to participate in a daily 
life study, measuring daily life activity with both an accelerometer and a diary for 14 
days. Exclusion criteria were (a) pregnancy, (b) non-fluency in Dutch, (c) serious 
psychiatric diseases. Patients in the cohort study were included in two different 
ways: 81 patients were referred by consultants in rehabilitation medicine in the 
Southern part of The Netherlands (one rehabilitation centre, six hospital depart-
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ments of rehabilitation) and 35 patients responded to an advertisement in a local 
newspaper. In case patients responded to the advertisement the above-mentioned 
selection criteria were checked by a consultant in rehabilitation medicine, who 
performed a medical screening according to the clinical guideline for low back pain 
of the Dutch College of General Practitioners (8). The Medical Ethics Committee of 
the Maastricht University/University Hospital Maastricht, The Netherlands, ap-
proved the protocol. 
2.2. Measures 
2.2.1. Disability 
Low back disability was assessed using the Roland Disability Questionnaire (RDQ) 
(26, 27). This questionnaire contains 24 items measuring limitations in different 
activities in daily life that can be answered by Yes or No. The item scores are 
summed resulting in total scores ranging from 0 to 24, with higher scores reflecting 
higher levels of disability. The Dutch version of the RDQ has a high reproducibility 
and validity and is responsive to change (5, 12, 18). 
2.2.2. Habitual physical activity in daily life 
To score the habitual physical activity level, which reflects the level of daily life ac-
tivities during the last year, the Baecke Physical Activity Questionnaire (BPAQ) was 
used (2). The BPAQ consists of three indices of habitual physical activity: the occu-
pational activity index; sport activity index and the leisure time index. The reliability 
of the BPAQ in patients with LBP appears to be sufficient (16). 
2.2.3. Pain intensity 
Pain intensity was measured with three 100 mm Visual Analogue Scales (VAS; 24). 
Patients were asked to rate their actual pain (at that moment) and their highest and 
lowest pain levels of the past week on three separate VAS scales. The mean of the 
three VAS scales was calculated to form a composite score, which was used in fur-
ther analyses. 
2.2.4. Depression 
The level of depression was measured by the Beck Depression Inventory II (BDI-II; 
4). The BDI-II contains 21 items scored from 0 to 3. Total scores are obtained by 
summing the item scores resulting in total scores ranging from 0 (not depressed at 
all) to 63 (severely depressed). The questionnaire has good psychometric properties 
and is a valid questionnaire to measure the severity of depression in patients with 
chronic pain (3, 14). 
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2.3.  Physical activity assessment 
2.3.1. Diary assessment of physical activity 
To assess a patient’s perception of his/her activity level an electronic diary was 
used. This self-assessment technique allows multiple random assessments based on 
the Experience Sampling Method (ESM) (6, 7). Based on this registration method, 
activity changes over time can be registered, which can overcome the recall bias of 
a questionnaire (29). During a 14-day measurement period patients carried a palm-
top computer (type palm m100) during waking hours. Patients were instructed that 
an alarm (beep) would randomly go off eight times a day and at that moment they 
had to fill in questions. Diary questions were presented on-screen for completion 
via a touch screen (50×50 mm) and entries were time and date stamped. A total 
number of 43 questions were included in each momentary assessment. Two self-
constructed questions were directed to assess a patient’s physical activity level. The 
first question was “Right now, I am active”. Answer categories were presented in 
seven point Likert scales ranging from 1, “not at all” to 7, “very”. The second ques-
tion was “What was my effort between this and the previous beep?”. Answer cate-
gories were: 1, lying down; 2, sitting; 3, standing; 4, walking; 5, cycling; 6, sports; 7, 
sports vigorously. The maximum number of completed set of palm-top questions 
for the measurement period is 112. Patients were instructed to respond to as many 
beeps as possible. 
2.3.2. Accelerometry 
Physical activity in daily life was assessed by a tri-axial accelerometer (RT3; Stay-
healthy Inc., Monrovia, USA). Subjects were instructed to wear the RT3 during wak-
ing hours for 14 consecutive days. The accelerometer was not worn during activities 
in case of potential damage to the equipment (e.g. contact sports, swimming or 
taking a shower). To be included as a valid score on physical activity in daily life, at 
least 5 valid measurement days, including 1 weekend day, had to be available (13). 
A valid measurement day was defined as a registration period for at least 600 min 
(10 h). Acceleration signals from the three measurement directions (the sagittal, the 
mediolateral and the longitudinal axes of the trunk) were recorded. The 3D resul-
tant of the acceleration signal was calculated and the number of occasions per min-
ute (counts) on which this signal exceeded a predefined threshold was stored in a 
database within the accelerometer. Data processing was performed using MATLAB 
software (The Math Works Inc., Natick, MA). An algorithm was designed in which 
night time was identified and excluded for further analysis. In this algorithm first, a 
second order zero time lag low pass Butterworth filter was used to reduce signal 
noise. Next, a predefined threshold was determined to identify start and endpoints 
in the activity signal. The original signal counts were used for further data process-
C H A P T E R  5  
 84 
ing. The activity signal was processed at the intervals that lay between subsequent 
beeps of the electronic diary. 
2.4. Procedure 
Prior to participation, all subjects were informed about the purpose of the study 
and signed a written consent form. Participants completed the self-report measures 
(containing assessment of disability, habitual physical activity, pain intensity and 
depression) in a paper-based or computerized internet-based questionnaire. Pa-
tients were explained that the interest of the study was to evaluate their daily life 
functioning and factors that influence their functioning. During a 14-day measure-
ment period patients carried the accelerometer and the palm-top computer simul-
taneously during waking hours. A short training session on handling both the palm-
top and the RT3 was given. During the measurement period stand-by assistance to 
handle technical problems was available. 
2.5. Data reduction and analysis 
Registration days were only included in case they contained both a valid registration 
of the accelerometer and the palm-top diary. To check this, first, every day was 
checked for the availability of a registration time of accelerometer-data of at least 
600 min. Subsequently, an additional check was performed on the availability of at 
least 25 completed ESM reports for all registration days together in which at least 
600 min are registered. For all assessment days that fulfilled both criteria, data of 
the first completed ESM report of that day were excluded from the final data-file, 
since answering a question concerning activities since the last beep, on that mo-
ment would include a timeframe in which patients were sleeping and not wearing 
the accelerometer. As a result of this, the maximum achievable number of com-
pleted ESM reports in the diary was 98. 
In order to study if patients who are more depressed and experience more pain, 
also have a lower objectively measured activity level, a two-level hierarchical linear 
regression analysis was performed. In multilevel modelling the repeated observa-
tions (in this model the processed activity signal of the accelerometer) are pre-
sented as Level 1 units. These observations were organized within Level 2 units, 
which constitute persons. A critical feature of Level 1 and Level 2 observations are 
the independency of Level 1 and Level 2 measurements. This method anticipates on 
the level of variation within and between patients. In the model physical activity 
based on accelerometry was the dependent variable and depression and pain inten-
sity were the independent variables. 
To analyse the association between the level of physical activity assessed by the 
diary and by the accelerometer again a two-level hierarchical linear regression 
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analysis was performed. Since we have two diary questions measuring physical 
activity, two different models were built. In both models self-reported physical 
activity based on the diary was the dependent variable. The independent variable 
was physical activity assessed with an accelerometry. 
In addition, in order to test the influence of both depression and pain intensity 
on the discrepancy between the self-reported and objectively assessed physical 
activity levels, these variables were introduced in a multilevel model. This procedure 
was performed separately for both diary questions on self-reported physical activ-
ity. In each model, the self-reported physical activity variable assessed with the 
diary and the objectively assessed physical activity variable assessed with the accel-
erometer were first standardized and then subtracted, resulting in a discrepancy 
score between the self-reported and objectively assessed level of physical activity in 
daily life. Both discrepancy scores were the dependent variable in two different 
models and in both models depression and pain intensity were the independent 
variables. 
Multilevel modelling was performed using Stata 10 software (Stata Corp., 2007, 
College Station Texas). 
3. Results 
One hundred and one patients (54 male/47 female) participated in this study and 
agreed to carry both the palm-top diary and the accelerometer for the assessment 
of physical activity. Mean age of this group was 47.0 years (SD = 11.0) and 47 % had 
a paid job. Mean disability level was 11.8 (SD = 4.7). In Fig. 1, a flow chart is shown, 
representing the data of patients that were eventually used for further analysis in 
the current study. Overall, the 66 patients that met the criteria set for inclusion 
filled in 73.1% of electronic diary assessments. The median Baecke score of the 66 
patients included in the final analyses was 8.7 (interquartile range 7.6–9.8). This 
score is comparable with scores of healthy Dutch individuals (2). More characteris-
tics of the 66 patients are presented in Table 1. Patients who did not meet the crite-
ria to be included in the data analysis or dropped out of the final analysis due to 
failure of the diary or palm-top were not significantly different on gender or habit-
ual physical activity level. However, patients who did not meet the criteria for a 
valid registration were significantly more disabled (p = 0.05). Furthermore, patients 
who had no registration caused by failure of either the diary or the accelerometer 
were significantly younger. 
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Table 1: Characteristics of the study population of patients with CLBP 
Male/Female (N) 37/29 
Age (years) 48.4 +/- 9.9 
Work status (N and percentage)  
- Paid job 34 (52 %) 
- Sick leave  3 (8%) 
- Disability payment  11 (17%) 
Disability level (RDQ *)  11.4 (4.5) 
Depression (BDI-II **)  11.0 (6.5–15.0) 
Habitual activity level (BPAQ***)  8.7 (7.6 – 9.8)  
Normally distributed data are represented by a mean score (SD). Not normally distributed data are 
represented by a median score (interquartile ranges). * RDQ = Roland Disability Questionnaire; ** BDI-II 
= Beck Depression Inventory II; *** BPAQ = Baecke Physical Activity Questionnaire 
 
101 CLBP Patients
• 10 patients had an invalid accelerometer score, 6 patients 
had no diary assessment caused by failure of the diary
85 CLBP Patients 
• 13 Patients did not meet the criteria for a valid accelerometer
registration-period (5 days, including 1 weekend day)
• 6 patients did not complete 25 diary reports and were excluded 
66 CLBP Patients
72 CLBP Patients
 
Figure 1:  Flow chart 
 
In Table 2, the multilevel analysis with the objective measured activity level as the 
dependent variable and depression, and pain intensity as independent variables is 
shown. No significant associations were found in this model. The association be-
tween the self-reported physical activity score based on the item “Right now, I am 
active.” and the objectively assessed activity level based on accelerometry was β = 
0.21, p < 0.01 (Wald chi2= 174.94, p < 0.01). The association between the item 
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“What was my effort between this and the previous beep?” in the diary and the 
objectively assessed activity level was β = 0.39, p < 0.01 (Wald chi2= 694.75, p < 
0.01). 
 
Table 2:  Multi level analysis with the objective activity in daily life level as dependent variable  
Wald = 3.22, p=0.20 
 Main Effects  SE Z P 
Pain intensity -0.08 0.06 -1.25 0.21 Objective activity level 
Depression 0.10 0.06 1.69 0.09 
 
In Table 3, the multilevel analysis with the discrepancy between the self-reported 
activity score related to the question “What was my effort between this and the 
previous beep?” and the objectively measured activity level as the dependent vari-
able and depression, and pain intensity as independent variables is shown. A signifi-
cant association was found between depression and the discrepancy score (β = - 
0.19, p = 0.01), whereas pain intensity did not contribute significantly. In addition, 
the second model with the discrepancy between the score on the diary item “Right 
now, I think I am active.” and the objectively assessed activity level as dependent 
variable showed similar results. In this last model, the Wald chi2 appeared to be 
7.15, p < 0.05. Depression was found to be significantly associated with the discrep-
ancy score (β = - 0.22, p = 0.01) whereas pain intensity did not (β = 0.14, ns). 
 
Table 3:  Multi level analysis with the discrepancy between the self-reported activity level and the 
objectively assessed activity level as dependent variable  
Wald = 6.58, p<0.05 
 Main Effects  SE Z P 
Pain intensity 0.12 0.08 1.54 0.12 Subjective – Objective 
Activity level Depression  -0.19 0.08 -2.50 0.01 
4. Discussion 
This study aimed at evaluating the extent to which higher levels of depression and 
pain experience are associated with a lower daily life activity level in patients with 
CLBP. Furthermore, the influence of pain intensity and depression on the discrep-
ancy between the self-reported level of physical activity and the objective measured 
activity level was tested. 
In this study, depression was not associated with the objectively assessed level 
of physical activity. But patients that were more depressed reported a relatively 
lower level of physical activity in daily life as compared to their actual level of physi-
cal activity. Consequently, depression was significantly associated with the discrep-
ancy between self-reported and objectively assessed physical activity in daily life 
β
β
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significantly. This finding seems in accordance with results of a study of Kremer et 
al. who found that patients who were more depressed underreported their activity 
level as compared to the observed activity level by staff members (17). Further-
more, Wittink et al. found that the score on the mental health domain of the SF-36, 
measuring quality of life, of patients with CLBP was not associated with their per-
formance on a treadmill, although patients with lower scores on the mental health 
domain reported a higher level of pain intensity and a lower level of physical func-
tioning (32). In contrast to the lack of association between depression and the ob-
jectively assessed daily life activity level in the present and another study (11), sev-
eral studies reported a negative influence of depression on physical performance 
and physical capacity testing in patients with CLBP (1, 22, 28). However, this nega-
tive influence of depression on physical activity measured in a standardized labora-
tory setting with a performance or capacity test could not be determined when 
physical activity is measured during actual daily life activities. Based on the findings 
of this study, it could be hypothesized that a depressed mood can distort a patients’ 
view on his/her own activities. Although depression and actual level of daily life 
activity are not related, the influence of depression seems especially focussed on 
the discrepancy between perceived and actual level of physical activity. In interpret-
ing this, it should however be taken into account that the median BDI-II score for 
depression in the current study was only 11.0 (interquartile range 6.5–15.0), which 
is below the cut-off score for moderate clinical depression of 20 (14). 
Based on the results of the current study, it appeared that pain intensity was 
not associated with a patient’s actual daily life activity level. Furthermore, we hy-
pothesized that a higher score on pain intensity would distort a patient’s view of 
their actual activity level, resulting in a higher discrepancy between actual and per-
ceived level of physical activity. In earlier studies using self-report as outcome 
measure for physical activity, the association between pain intensity and physical 
activity was indeed found (10, 15). However, in studies using objective daily life 
activity measurements or performance testing as outcome assessments for physical 
activity these results could not be confirmed (1, 9, 19, 25, 31). In the current study, 
both subjective and objective assessments of physical activity were included. The 
assumption that a higher level of pain intensity would have a negative impact on the 
discrepancy between a patient’s perception and the objectified registration of 
his/her level of physical activity in daily life could however not be confirmed based 
on these data. 
In the current study, a diary assessment was used. A drawback of this assess-
ment is that in one question limited information can be asked for. Therefore, in this 
study two questions that measure different aspects of physical activity in daily life 
were evaluated to answer the research questions. One diary question (“What was 
my effort between this and the previous beep?”) asked for the quality of move-
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ments (such as walking and cycling), whereas the other question (“Right now, I am 
active”) asked for the level of intensity. 
The current study has some limitations that have to be addressed. The first limi-
tation is the absence of a continuous accelerometry registration due to swimming 
or being involved in contact sports. This means that the accelerometer has to be 
taken off which can result in an underestimation of a patient’s actual activity level. 
In the current study, all patients were asked to register when they had to remove 
the accelerometer. Nine of the 66 patients reported indeed an interruption of their 
activity registration due to swimming or performing contact sports. Four of them 
removed the accelerometer for more than 4 h. Since it seemed highly unlikely that 
they were continuously swimming, imputation would have resulted in an overesti-
mation of a patient’s actual activity level. For the other 5 patients, data were im-
puted with two times the mean score per minute of the previous day which resulted 
in only a small increase of maximal 3%. Based on this, we eventually decided to 
abandon imputation for swimming or contact sports. 
A second limitation is that the number of patients had to be excluded. The sam-
ple size was reduced to 66 patients. The data of 35 patients could not be used for 
the final analysis: 16 had an invalid RT3 score or problems with the electronic diary, 
and the data of 19 patients did not meet the predefined data selection criteria. In 
this study, it appeared that patients who had a registration that did not fulfil the 
data selection criteria were significantly more disabled. Focusing on this drop-out 
group revealed that two extreme disability scored 21, with a mean score of 11.4 (SD 
= 4.5) for the 66 included participants. As a result of this, inclusion of these two 
patients would disturb a valid presentation of an objective daily life activity level. 
Even though we used this strict criteria, the sample size in the present study is still 
higher than in other studies evaluating daily life activities in patients with CLBP (15, 
19, 31). 
This study has clinical implications. In evaluating a patient’s level of activity 
based on self-report (for instance, as a part of an anamnesis during a clinical consul-
tation or based on a questionnaire as a part of an assessment tool) differences be-
tween the activity level as reported by a patient and his/her actual level of physical 
activity have to be taken into account. Especially in patients who are depressed, an 
underestimation of a patient’s actual activity level has to be taken in mind. Based on 
this, generalization of results on physical activity retrieved based on self-report to a 
situation of daily life functioning should be performed with caution. Furthermore, in 
evaluating treatment, it is important to measure physical activity in daily life objec-
tively because changes in mood during therapy can also influence a patient’s per-
ception over time of his/her activity level. 
In summary, in the current study it was shown that patients with CLBP, who had 
a higher level of depression, underestimated their daily activity level, although their 
actual activity level did not differ. 
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Abstract 
Patients with chronic low back pain (CLBP) often report a disabling decrease in their 
activity level due to pain. The nature of the association between disability, activity, 
and pain over time is however, unclear. An intriguing issue here is whether a high 
level of pain-related disability is associated with a low activity level or are changes in 
the level of activity over time pain provoking and thus more disabling? The objec-
tives of this study were to investigate associations between disability, pain intensity, 
pain-related fear, and characteristics of physical activity in patients with CLBP. A 
total of 42 patients with CLBP were recruited from the Pain Clinic of the Maastricht 
University Hospital. Each pain patient carried an electronic diary for one week, in 
which questions about current pain intensity, and the level of physical activity were 
completed at 8 moments a day. Disability was scored by the Quebec Back Pain Dis-
ability Scale (QBPDS), Fear of movement by the Tampa Scale for Kinesiophobia 
(TSK). To explain the level of disability regression analyses were performed with 
disability as dependent variable and pain intensity, pain-related fear, and consecu-
tively the level of physical activity in daily life and fluctuations in physical activity as 
independent variables. Results, based on 34 patients, showed that activity fluctua-
tions (β = 0.373, p<0.05) rather than the mean activity level over time (β = -0.052, 
ns) contributed significantly in explaining disability. The results are discussed in the 
light of current theories, previous research, and clinical implications. 
1. Introduction 
Patients with chronic low back pain (CLBP) often feel disabled in performing daily 
activities. According to the fear-avoidance model of chronic pain, these patients 
may have catastrophic thoughts about their pain resulting in fear of pain, which is 
characterised by escape and avoidance behaviour. Eventually, avoidance leads to 
disability, depression, and disuse, which fuel the pain experience resulting in a vi-
cious cycle. Individuals who do not catastrophize about their pain will not become 
fearful and will expose themselves to daily activities leading to recovery (11, 26). 
Although the role of fear avoidance in explaining disability has been confirmed in a 
wide range of patients with chronic pain, not all patients show a decreased activity 
level (12, 15, 16, 21, 24). In addition, several studies could not confirm the hypothe-
sized association between physical activity and disability (12, 23, 24). 
In order to unravel the complex associations between physical activity, pain and 
disability in chronic pain, Hasenbring proposed an alternative strategy. According to 
the avoidance-endurance model, some patients apply endurance coping and tend to 
finish their activities despite pain (8). Like avoiders, this subgroup of “persisters” will 
report an increased level of disability, but their activity level seems to be normal to 
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even high as compared to healthy individuals (8, 9). Recently, McCracken and Sam-
uel (13) have identified a group of “doers” which closely resemble the “persisters”. 
“Persisters” are likely to continue with activities until pain prevents them from any 
further activity. This results in complete rest until pain subsides or frustration over 
inactivity stimulates them to start a new activity (7, 8). As a result of this, their level 
of activity seems to be characterised by a “sawtooth” pattern, indicating that it 
fluctuates highly over time. According to this theory, for a subgroup of patients, 
activity fluctuations could even be more disabling than the actual activity level. 
In order to study the disabling role of changes in activity, the level of activities 
has to be assessed in a certain timeframe. Most studies addressing the association 
between activity and disability relied on self-report measures that are prone to self-
report bias. In the present study we used a momentary sampling strategy method, 
called experience-sampling method (ESM), to diminish the chance of bias (4). ESM 
uses randomly sampled self reported measures to gain more insight in relationships 
of variables assessed over time and to avoid retrospective recall (5). 
In the current study, the influence of pain intensity, pain-related fear, level of 
physical activity and fluctuations in the activity level in explaining disability in pa-
tients with CLBP was studied. 
2. Methods 
2.1. Participants and procedure 
Patients with chronic low back pain, who were referred to the Pain Clinic of Maas-
tricht University Hospital, were recruited for participation in this study (18). Inclu-
sion criteria were (a) experiencing low back pain for at least 6 months and (b) age 
between 18 and 65. Exclusion criteria were (a) serious visual deficit and deafness; 
(b) being non-fluent in Dutch; (c) having difficulty holding a pen or writing; (d) seri-
ous psychiatric diseases; (e) alcohol and/or drug problems; and (f) having partici-
pated in a previous ESM study. After signing the informed consent, all participants 
were informed that the main aim of this study was to investigate how pain was 
experienced during the day and what factors influence pain. Participants completed 
a battery of self-report measures and carried a palm-top computer (type palm 
m100) with a dairy function in a protective case during 7 days. Participants were 
instructed that an alarm would randomly go off eight times a day and that at that 
moment patients had to fill in questions. Diary questions were presented on-screen 
for completion via a touch screen (50 x 50 mm) and entries were time- and date-
stamped. Participants could delay answering for 20 min when engaged in an activity 
that could not be interrupted. The maximum number of beeps per week was 56. In 
case less than 50% of all registration moments were entered in the palmtop by the 
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patient, data were excluded from further analyses. Participants were paid 25 Euro in 
return for participation in the study. The study protocol was approved by the Ethics 
Committee of the Maastricht University Hospital and Maastricht University. 
2.2. Measurement 
All participants completed the Tampa Scale for Kinesiophobia (TSK;(14) and the 
Quebec Back Pain Disability Scale (10). The TSK contains 17 items aimed at assessing 
fear of (re)injury due to movement. The Dutch version has been reported to be 
reliable and valid (6, 17, 25). Low back disability was assessed using the Quebec 
Back Pain Disability Scale (QBPDS). This scale contains 20 items of which each item is 
rated from 0 (No difficulty performing this activity) to 5 (Impossible to perform this 
activity). The original as well as the Dutch version of the QBPDS are valid and reli-
able (10, 19).  
With respect to the diary assessment, current pain intensity was assessed with 
the item “Right now, I am in pain”. Answer categories were presented in seven 
point Likert scales ranging from 1 to 7, with 1 indicating the lowest possible score 
and 7 indicating the highest possible score. Furthermore, the level of subjectively 
reported physical activity level was assessed based on a self constructed item: 
“What was your effort between this and the previous beep?” Answer categories 
were: 7 = exercise vigorously; 6 = exercise; 5 = cycling; 4 = climbing stairs; 3 = walk-
ing; 2 = sitting;1 = lying down. 
2.3. Data analysis 
For every participant, mean values are calculated for pain intensity, and the activity 
level assessed in the diary. These values (PainESM, and ActivityESM) were used in the 
analyses. 
In addition, in order to study activity fluctuations in daily life over time a Root 
Mean Square score for activities (ActivityRMS) was calculated. The difference scores 
of all activity values as related to one score earlier were calculated. These difference 
scores can be positive or negative values and were squared. Thereafter, a mean 
value was calculated and finally, the root from this mean value was taken. The final 
score ActivityRMS represents the intensity of activity fluctuations in daily life over 
time. 
To provide a description of the study group, mean scores or percentages for 
demographic and pain-related variables were calculated. Furthermore, in order to 
study the interrelation between a patient’s level of pain intensity, level of physical 
activity and fluctuations in the level of physical activity, associations between these 
variables were calculated based on Pearson correlations coefficients. 
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In order to study the relation between a patient’s level of disability, pain intensity, 
pain-related fear, level of physical activity, and fluctuations in the level of physical 
activity the interrelation between variables was studied in a hierarchical multiple 
regression analysis. A blockwise entry of variables with disability as dependent vari-
able was used. In the first step fear of movement, PainESM, ActivityESM were entered. 
In the second step, ActivityRMS was added to the equation, in order to study its 
unique contribution. 
For all regression analyses, a colinearity check was performed. Colinearity was 
considered a problem when the variance inflation factor (VIF) was above 3. All sta-
tistical analyses were performed using SPSS software (SPSS Inc. Chicago, Ill). 
3. Results 
Forty-two participants (17 males, 25 females) with non-specific CLBP participated in 
the study. Five patients answered questions for less then 50% of the beeps of the 
palmtop, and their data were excluded for further analyses. None of the patients 
reported that he/she could not fill in the electronic diary due to their back pain. For 
three patients no Quebec Back Pain Disability Score was available. The final analyses 
were performed on 34 patients. 
The mean age of all participating patients was 45.4 years (SD=9.9). Mean pain 
duration was 156.5 months (SD=116.9 range 18 - 444). Mean disability level 
(QBPDS) for all patients was 55.97 (15.3) and their mean level for fear of injury 
41.18 (8.7). The level of activity as scored by ActivityESM appeared to be significantly 
associated with the intensity of activity fluctuations over time (ActivityRMS) (0.57, p < 
0.01). Both ActivityESM as well as ActivityRMS were not associated with PainESM. 
In figure 1 an example of the result of a one-day ESM-registration of one patient 
is given. The diary recordings of all participants showed a mean PainESM score of 
4.47 (1.04), a mean ActivityESM score of 2.97 (0.68), and a mean ActivityRMS score of 
1.53 (0.59). 
3.1. Associations between disability, pain intensity, fear of movement 
fluctuations in the activity level and the activity level for patients with 
CLBP 
Table 1 presents the regression model explaining disability in patients with CLBP. In 
the first step PainESM (p < 0.01) explains disability. Fear of movement and ActivityESM 
had no significant contribution. In the second step ActivityRMS was added in the 
regression model. In this step, PainESM (p < 0.01) and ActivityRMS (p < 0.05) both ex-
plained disability. In the second step, the contribution of fear of movement was 
nearly significant (β = 0.295, p = 0.056). ActivityESM did not have a significant contri-
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bution. In the final step, 32% of the variance in the level of disability could be ex-
plained (p < 0.01). All VIF factors were below 1.53 which indicated that there was no 
co linearity between activity and ActivityRMS. No outliers were present. 
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Figure 1:  An example of a day registration based on the ESM-method based on 8 at random samples 
 
Table 1:  Regression analyses with disability as dependent variable 
Step 1: Disability R² = 0.309 *, Adjusted R² = 0.240 * 
 Fear of movement β = 0.236 
 PainESM β = 0.525 ** 
 ActivityEMS β = 0.158  
 
Step 2: Disability R² = 0.401 **, Adjusted R² = 0.318 ** 
 Fear of movement β = 0.295 
 PainESM β = 0.502 ** 
 ActivityEMS β = -0.052 
 ActivityRMS  β = 0.373 * 
* p < 0.05, ** p < 0.01 
4. Discussion 
The main aim of the present study was to study the role of physical activity and 
fluctuations in the activity level over time in explaining disability in patients with 
CLBP. Results indicated that fluctuations in the activity level seemed more associ-
ated with the level of disability as compared to the mean activity level over time in 
patients with CLBP. 
The intensity of activity fluctuations over time was positively associated with a 
patient’s perceived level of disability, whereas his/her mean activity level did not 
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have any significant disabling influence. Although a high level of activity fluctuations 
seems natural in healthy individuals, for patients with chronic pain this could repre-
sent an activity pattern characterised by interfering involuntary rest stops due to 
pain. The high level of fluctuations could be a representation of the sawtooth pat-
tern in their activities. Patients go on with their activities till the activity is finished 
and afterwards they have to take rest to recover. It could even be that, a lack of 
control regarding the performance of activities at any time is the underlying dis-
abling factor. It might be possible that patients with more fluctuations in activity 
represent a pattern as described for the group of “doers” in the study of McCracken 
(13) or the “persisters” with endurance coping in the avoidance endurance model of 
Hasenbring (8). However, this hypothesis cannot be confirmed based on the current 
results. More research is needed. 
No association could be determined between pain intensity and the mean activ-
ity level or the fluctuations in activity. Earlier studies addressed the association 
between pain intensity and activity over time in patients with low back pain (12, 
23). Pain intensity was associated with activity in the first 7 days of acute low back 
pain (Liszka-Hackzell). However, in patients with chronic pain, in both studies, no 
association between pain and activity was found which is in accordance with our 
findings. In addition, we checked whether pain intensity was associated with the 
level of fluctuations in activity but could not confirm the presence of any relation-
ship. 
The current study contributes to the explanation of disability within the popula-
tion of patients with CLBP and may have clinical implications. Till now, most re-
search has been focused on explaining disability in “avoiders” based on the fact that 
a low activity level would be disabling. As a result, exposure in vivo and graded ac-
tivities are evidence based interventions that now are regularly applied in clinical 
practice to reduce the disability level in “avoiders”. However, it could be that pa-
tients who have a disabling fluctuating pattern in their activities, benefit more from 
learning strategies to fine tune their activities during the day instead of increasing 
their activity level. However, currently, no scientific basis is yet available to prove 
this statement. 
The current study has some limitations that need to be addressed. The activity 
level and fluctuations in activity were derived from subjectively reported diary 
measures. It is known that for patients with chronic pain it is difficult to estimate 
their own physical activity level. However, it is important to note that thus far only 
self-report measures have been used and this diary study gives more insight in daily 
life functioning. Interestingly, a recent study by Bousema et al. (2007) and van der 
Werf et al. (2000) made an activity related classification based on activity assess-
ment by accelerometry (2, 22), which is also a promising direction for future re-
search. More research is needed to further elucidate the characteristics of patients 
with chronic low back pain and to incorporate the various findings into a theoretical 
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framework that can be used to apply treatment for activity related subgroups in 
chronic pain. A second limitation of this study might be that using an electronic 
diary at several time points during a day could influence a patients’ natural behav-
iour. However, this assumed reactivity effect based on electronic dairy assessment 
in pain patients could not be confirmed in earlier studies on this topic (1, 3, 20). 
In summary, in the current study it appeared that fluctuations in the activity 
level instead of the mean activity level over time could explain the level of disability. 
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Abstract 
The aim of the present study was to compare the subjectively reported and objec-
tively assessed activity-related characteristics of patients with Chronic Low Back 
Pain (CLBP) who were classified according to their scores on the Patterns of Activity 
Measure-Pain (POAM-P) into avoiders, persisters, mixed performers (i.e. high scores 
on both avoidance and persistence behaviour) or functional performers (i.e. low 
scores on avoidance and persistence behaviour). 
Patients carried an electronic diary during 14 days to assess the self-reported 
activity and pain intensity levels in daily life. An accelerometer was used to objec-
tively assess their activity level during the same time period. 
Results were available for 79 patients. Avoiders, persisters and mixed perform-
ers showed a higher level of self-reported disability than functional performers. 
Avoiders were characterized by a low level of self-reported habitual activities and 
persisters by long objectively measured daily uptime. The objectively assessed level 
of physical activity did not differ between the four groups. A further analysis tested 
the association between pain intensity levels and self-reported and objectively as-
sessed daily life activity levels in avoiders and persisters. In persisters, a higher level 
of self-reported activities in daily life was related to increased pain. The objectively 
assessed activity level was not associated with pain intensity. 
1.  Introduction 
One of the most prominent models to explain disability in patients with chronic low 
back pain (CLBP) is the cognitive behavioural fear-avoidance model (40). This model 
proposes that catastrophic interpretations about pain and elevated pain-related 
fear levels might lead to avoidance behaviour. In the long run this may lead to a 
chronic pain problem, characterized by disability in daily life functioning, depres-
sion, and a lower daily life activity level. Although numerous studies have confirmed 
the different steps in this model, no consistent evidence exists for the assumed 
lower activity level of patients with CLBP (23, 38). In acute low back pain higher 
levels of pain-related fear and longer periods of bed rest were found. However in 
CLBP this finding could not be confirmed (36). Furthermore, several studies showed 
that the mean activity level of patients with CLBP did not differ from that of healthy 
individuals (6, 34, 38). It seems therefore that not all patients with CLBP who are 
disabled avoid activities (6). 
The avoidance-endurance model postulates that there are two different routes 
to increased pain-related disability. According to this model chronic pain patients 
can display two alternative activity-related strategies: an avoidant strategy which is 
characterized by low activity levels, or a strategy that is characterized by persistence 
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in activities (17, 19). Whereas avoiders will try to escape from activities for which 
they expect an increase of pain or injury, persisters tend to continue their activities 
despite pain, until completion is reached. However, after completion of the activity, 
pain might increase, which, in turn, force persisters to take rest until the pain sub-
sides (5, 15). This eventually results in a sawtooth pattern of their daily life activity 
level. In addition, because persisters force themselves to complete the activities 
they set out to do and therefore postpone rest they are hypothesized to show 
longer daily uptime than avoiders. The avoidance-endurance model further assumes 
that the most adaptive coping strategy is a combination of low avoidance and low 
persistence behaviour, which results in less limitations in daily life functioning (17, 
18). 
The main aim of the present study is to compare characteristics of persisters 
and avoiders among patients with CLBP. Three hypotheses were specified: 
1. Patients identified as persister or avoider will report more limitations in 
daily life functioning compared to patients that show low persistence and 
avoidance behaviour. 
2. Persisters will have a higher physical activity level in daily life; will show 
more fluctuations in daily life activities; and will have a longer daily uptime 
compared to avoiders. 
3. Increased activity in daily life will be associated with increased pain inten-
sity afterwards in persisters but not in avoiders. 
2.  Methods 
2.1. Participants 
This study is part of a longitudinal cohort study in which 116 patients with CLBP 
participated (20). Inclusion criteria were: (a) low back pain: pain localized below the 
scapulae and above the gluteal folds for longer than three months (28); (b) age 
between 18 and 65; (c) the low back pain is not attributable to a recognisable, 
known specific pathology (e.g. infection, tumour, osteoporosis, fracture, structural 
deformity, inflammatory disorder (e.g. ankylosing spondylitis), radicular syndrome 
or cauda equina syndrome) (1). Exclusion criteria were (a) pregnancy; (b) serious 
psychiatric diseases; (c) non-fluency in Dutch. Patients were included in two differ-
ent ways: 81 patients were referred by consultants in rehabilitation medicine in the 
southern part of the Netherlands (one rehabilitation centre, six hospital depart-
ments of rehabilitation), and 35 patients responded to an advertisement in a local 
newspaper. In case patients responded to the advertisement, the above mentioned 
selection criteria were checked by a consultant in rehabilitation medicine who per-
formed a medical screening according to the clinical guideline for low back pain of 
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the Dutch College of General Practitioners (11). The Medical Ethics Committee of 
the Maastricht University/University Hospital Maastricht, the Netherlands, ap-
proved the study protocol. 
2.2. Procedure 
Prior to participation, all subjects were informed about the purpose of the study 
and signed a consent form. Participants completed the self-report measures on 
disability, activity-related strategies, fear of movement, habitual physical activity 
level, pain intensity level, and depressed mood using either a paper-based or inter-
net-based questionnaire. During a 14 day measurement period patients carried an 
accelerometer to measure physical activity in daily life and an electronic diary dur-
ing waking hours. A short training session on using the electronic diary and the ac-
celerometer was given. During the measurement period stand-by assistance to 
handle technical problems was available. 
2.3. Measures 
2.3.1. Questionnaire assessment 
2.3.1.1. Demographic and pain-related information 
Gender, age, work status and duration of complaints were recorded. Pain intensity 
was measured with three 100 mm Visual Analogue Scales (VAS; 29). Patients rated 
their current pain and their highest and lowest pain level during the past week. A 
composite score was calculated from the mean of the three VASs. 
2.3.1.2. Fear of movement 
Fear of movement/ (re)injury was assessed with the Dutch version of the Tampa 
Scale for Kinesiophobia (TSK). This questionnaire contains 17 items that are rated on 
a 4-point scale ranging from ’strongly disagree’ to ’strongly agree’. A total score can 
be obtained by summing all items after recoding of the reverse-keyed items. The 
Dutch version has been reported to be reliable and valid (13, 39). 
2.3.1.3. Depressive symptoms 
Depressive symptoms were assessed by the Beck Depression Inventory II (BDI-II; 4). 
The BDI-II contains 21 items scored from 0 to 3. Total scores are obtained by sum-
ming the item scores resulting in total scores ranging from 0 (not depressed at all) 
to 63 (severely depressed). The questionnaire has good psychometric properties 
and is a valid questionnaire to measure the severity of depression in patients with 
chronic pain (3, 16) 
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2.3.1.4. Disability 
Low back disability was assessed using the Roland Disability Questionnaire (RDQ) 
(30, 31). This questionnaire contains 24 items measuring limitations in different 
activities in daily life that can be answered by yes or no. A total score is obtained by 
summing all items scored as “yes”. The Dutch version of the RDQ has a high repro-
ducibility and validity and is responsive to change (7, 12, 22). 
2.3.1.5. Habitual physical activity in daily life 
To assess the level of daily life activities during the last year the Baecke Physical 
Activity Questionnaire (BPAQ) was used (2). The BPAQ has 16 items that are rated 
on a 5-point Likert-scale. Three indices of habitual physical activity can be derived: 
the occupational activity index; the sport activity index and the leisure time index. 
The patient also reports his main occupation which is then categorized as light, 
moderate, or heavy work according to the level of energy expenditure. Further-
more, the two most frequently played sports are reported together with the num-
ber of hours played per week and for how many months a year. The different sports 
are divided into low, middle, and high level sports. The sport activity index is calcu-
lated from the intensity of the sport, the amount of time per week playing that 
sport, and the proportion of the year the sport was played. A total BPAQ score can 
be obtained by summing the means of the three indices. This total score was used in 
the present study. The reliability of the BPAQ in patients with LBP appears to be 
sufficient (25). 
2.3.2. Classification of activity-related strategies 
Patients were labelled as ’avoider’ or ‘persister’ based on their score on the Pat-
terns Of Activity Measure-Pain (POAM-P) (9). The POAM-P is a 30-item self-report 
questionnaire, developed to measure three activity patterns in patients with chronic 
pain, namely avoidance (10 items), overdoing (10 items) and pacing (10 items). 
Patients rated each item describing how they usually perform their regular daily life 
activities on a five point scale ranging from 0 (not at all) to 4 (always). Total scores 
per subscale can range from 0 to 40. The three-factor structure of the Dutch version 
of the POAM-P has been confirmed (21). The three subscales were found to be 
highly internal consistent (Cronbach alphas ranging from 0.80 to 0.94). Significant 
and meaningful associations with related constructs such as fear of movement and 
(re)injury, pain catastrophizing, depression, and disability, confirmed the validity of 
the subscales (21). Since the focus of the current study was on an avoidant versus 
persistent activity-related strategy, only the results of the subscales avoidance and 
overdoing were used to categorize patients. The score on the pacing subscale are 
presented for descriptive purposes only. 
To label patients’ activity-related strategies, the median score for the overdoing 
and avoidance subscale of the POAM-P of the patients in the present study was 
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calculated. Patients with a score on the avoidance subscale at or above the median 
and a score on the overdoing subscale below the median score were defined as 
‘avoiders’. Patients with a score on the overdoing subscale at or above the median 
and below the median score on the avoidance subscale were defined as ‘persisters’. 
In addition, patients with a score below the median on both the avoidance and the 
overdoing subscale were defined as ‘functional performers’. Patients who scored 
above or at the median on both the overdoing and avoidance subscale were defined 
as ‘mixed performers. 
2.3.3. Diary assessment 
To assess a patient’s pain intensity and changes in pain intensity over time, an elec-
tronic diary was used. Furthermore, a patient’s perception of his/her activity level 
and changes over time were registered. Diary assessment allows multiple random 
assessments based on the Experience Sampling Method (ESM) (10, 20). During a 14 
day measurement period patients carried a palm-top computer (type palm m100) 
during waking hours. Diary questions were presented on-screen for completion via 
a touch screen (50×50 mm) and entries were time- and date-stamped. Patients 
were informed that an alarm (beep) would randomly go off eight times a day indi-
cating that they had to fill in a momentary assessment consisting of forty-three 
questions. One of the questions of every momentary assessment was towards 
measuring a patient’s current pain intensity. The level of pain intensity was assessed 
by means of “Right now, I am in pain”. Answer categories were presented in 7-point 
Likert scale ranging from 1, “not at all” to 7, “very”. The question “What was my 
effort between this and the previous beep?” was used to assess a patient’s activity 
level. The answer categories were: 1 = lying down; 2 = sitting; 3 = standing; 4 = walk-
ing; 5 = cycling; 6 = sports; 7 = sports vigorously. The maximum attainable number 
of completed sets of palmtop questions for the measurement period was 112. Pa-
tients were instructed to answer as many beeps as possible. 
2.3.4. Objective activity in daily life measures collected by the accelerometer 
Physical activity in daily life was assessed using a tri-axial accelerometer (RT3; Stay-
healthy Inc., Monrovia, USA). Subjects were instructed to wear the RT3 during wak-
ing hours for 14 consecutive days. The accelerometer was not worn during water-
based activities (e.g. swimming, taking a shower), or in case of potential damage to 
the equipment (e.g. contact sports). The tri-axial accelerometer is a valid instrument 
for the measurement of physical activity in daily life in patients with LBP (38). 
2.4. Data processing 
To be included as a valid accelerometer score for physical activity in daily life, at 
least five valid measurement days, including one weekend day, had to be available 
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(14, 20). A valid measurement day was defined as a registration period for at least 
600 consecutive minutes (10 hours). The recorded 3-D acceleration signals were 
converted into one resultant acceleration signal. Next, the number of occasions 
(counts) per minute on which this signal exceeded a predefined threshold was 
stored. Data processing was performed off-line using MATLAB software (The Math 
Works Inc., Natick, Mass). In order to be able to study the association between the 
objectively measured activity level and the subsequent pain intensity level, the 
mean activity signal between the current and previous beep of the diary were calcu-
lated. At least 25 valid diary entries had to be available in order to be used in further 
data analyses. Data of the first completed diary report of that day were excluded 
from the analysis, since answering a question concerning activities since the last 
beep, on that moment would include a timeframe in which patients were sleeping 
and not wearing the accelerometer. 
2.4.1. Daily uptime 
Because patients were instructed to wear the accelerometer the whole day during 
waking hours, it is possible to define the period between getting up and going to 
sleep. An algorithm was designed to identify this daily uptime. Firstly, a second 
order zero time lag low pass Butterworth filter was used to reduce signal noise. 
Secondly, a predefined threshold was used to identify uptime that is defined as the 
period between the first and last activity count that exceeded a predefined thresh-
old (U1 and U2 respectively; see figure 1). 
2.4.2. Mean total activity score 
The original non-filtered signal data were used to calculate the mean total activity 
expressed as the mean counts per day (37). 
2.4.3. Characteristics of the avoidance or persistence strategy 
In order to identify if a patient applies an avoidance or persistence strategy, two 
variables were calculated. First, an algorithm was designed in which the highest 
activity-score within a 14-day registration (see figure 1) could be identified. Subse-
quently, in order to express the peak activity per person as a representation for 
persistence, the 80 % power of this maximum score was then calculated and pre-
sented as PApower. In figure 1, as an example the non-filtered and filtered activity 
signal, the highest activity peak, the PApower of the accelerometer and pain intensity 
measured in the diary are shown for a restricted period of three measurement days. 
Second, for every patient a fluctuation score was calculated to express the level of 
activity fluctuations over time. To study these changes in activity over time, for 15 
consecutive minutes, activity counts were summed. Next, the difference scores 
between a summed activity score as related to one score earlier were calculated. 
These difference scores can have a positive or a negative value and were therefore 
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squared. Thereafter, a mean value was calculated. Finally, the root from this mean 
value was taken, to achieve a final score for the intensity of activity fluctuations in 
daily life over time (fluctuationsact). 
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Figure 1:  An example of a registration based on the accelerometer and the diary 
2.5. Data analysis 
In order to study the difference in characteristics and activity-related variables be-
tween avoiders, persisters, mixed performers and functional performers multiple 
one way ANOVA’s were used in case of a normal distribution. In case of a significant 
result of the one way ANOVA, a post-hoc Least Significant Difference analysis was 
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performed to explore the difference between groups. In case of non-normal distri-
butions of the data, the Kruskall Wallis test was used. Subsequent multiple compari-
sons included Mann-Whitney tests. 
In order to study the association between the level of pain intensity and the ob-
jectively measured activity level over time for persisters and avoiders, a two level 
hierarchical linear regression analysis was performed. In multi-level modelling the 
repeated observations (in this model the processed activity signal of the acceler-
ometer) are presented as Level 1 units. These observations were organized within 
Level 2 units, which constitute persons. A critical feature of Level 1 and Level 2 ob-
servations are the independency of Level 1 and Level 2 measurements. This method 
anticipates on the level of variation within and between patients. In model 1, the 
pain intensity level was introduced as the dependent variable in the model. In the 
first step, physical activity based on accelerometry and the type of activity-related 
strategy (avoider or persister) were introduced as independent variables. In the 
second step the interaction between the objective activity score and type of activ-
ity-related strategy was added. In case of a significant interaction, two additional 
multi-level analyses were performed, for avoiders and persisters separately. In both 
additional analyses, the level of pain intensity was again the dependent variable and 
the objectively assessed physical activity in daily life score was the independent 
variable. In model 2, the procedure of model 1 was repeated, but with the inde-
pendent variable being physical activity based on self-report (diary assessment) 
instead of physical activity based on accelerometry. In all analyses alpha was set at 
0.05. Multilevel modelling was performed using Stata 10 software (Stata Corp., 
2007. College Station Texas). All other statistical analyses were performed using 
SPSS software version 16 (SPSS Inc., Chicago, Ill.). 
3. Results 
One hundred and seven patients participated in the accelerometer assessment. 
Seven patients who carried an accelerometer had an invalid activity score caused by 
failure of the RT3. In addition, accelerometer registrations of three patients could 
not be used for further analysis because the signal to noise ratio was too low. For 
the remaining 97 patients data were processed and the length of the daily registra-
tion of the accelerometer was evaluated. For 84 patients an accelerometer registra-
tion that fulfilled all pre-determined validity criteria for activity assessment was 
available. Of these patients, five patients did not complete the POAM-P question-
naire, which made definition of their activity-related strategy impossible. Data of 
the remaining 79 patients were used in further analyses. In figure 2, a flow chart is 
shown, representing the data of patients who were used for further analysis in the 
current study. Demographic (gender, age, and work status) and pain-related charac-
C H A P T E R  7  
 118 
teristics (pain duration, level of pain intensity and disability level) of patients, whose 
data were not used in the analyses, were not different from patients whose data 
were used. Gender, duration of complaints, work status, pain intensity, and disabil-
ity level did not differ significantly between patients who entered the study by con-
sultants of rehabilitation medicine or based on inclusion by advertisement. How-
ever, patients who responded to the advertisement were significantly older (53.3 
years, SD = 9.0) compared to patients referred by their consultant in rehabilitation 
medicine (age = 44.6 years, SD = 10.3). 
 
107 Patients with CLBP
97 Patients with CLBP
• 13 Patients did not meet the pre-determined selection criteria for a 
valid accelerometer registration (5 days, including 1 weekend day)
• 10 patients had an invalid RT3 score
84 Patients with CLBP
With a valid physical activity in 
daily life measurement
79 Patients with CLBP 
Labeled based on activity-related 
style
• 5 patients did not complete the POAM-P questionnaire
 
 
Figure 2:  Flow chart 
3.1. Description of the population 
Table 1 presents characteristics of the four subgroups based on the different activ-
ity-related strategies. Scores of patients on the avoidance and overdoing subscale 
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were not significantly related (r = -0.05, ns). Avoiders, persisters and mixed per-
formers scored significantly higher on fear of movement and depressed mood com-
pared to functional performers. Furthermore, persisters had a lower level of fear of 
movement compared to avoiders and mixed performers (p < 0.01). The percentage 
of woman is higher in the group of avoiders compared to the mixed performer 
group (p < 0.01). Avoiders were found to have a higher score on the pacing subscale 
of the POAM-P compared to persisters and functional performers (p < 0.01). Fur-
thermore, mixed performers scored also higher on pacing than persisters (p < 0.05). 
 
Table 1:  Characteristics of the study population of patients with CLBP 
 
1. Avoiders 
(N = 18) 
2. Persisters 
(N = 19) 
3. Mixed 
performers 
(N = 22) 
4. Functional 
performers 
(N = 20) 
Test  
Statistic 
p-value 
 
Male/Female 5/13 a 10/9 a 17/5 b 11/9 a b χ2 = 9.69 0.02 
Age 45.7 (9.8) 48.2 (8.4) 44.2 (10.9) 50.6 (12.5) F = 1.44 0.24 
Duration of complaints 
(months) 
83 (39–261) 68 (32–109) 116 (36–219) 115 (40–232) χ2 = 2.66 0.45 
Work status (percentage)       
- Paid job 8 (44%) 10 (53%) 10 (46%) 12 (60%) χ2 = 1.06 0.79 
- Sick leave  2 (11%) 1 (5%) 1 (5%) 0 χ2 = 2.38 0.50 
- Disability payment  2 (11%) 3 (16%) 6 (27%) 2 (10%) χ2 = 3.15 0.37 
Fear of movement (TSK) 41.6 (6.8) a 36.6 (6.7) b 43.9 (6.6) a 32.1 (5.5) c F = 13.8 < 0.001 
Depressed mood (BDI-II) 12.5  
(9.5–19.0) a 
12.0 (8.0–17.0) a 15.5  
(11.0–21.3) a 
6.5 (4.0–9.8) b χ2 = 21.4 < 0.001 
Pain intensity 48.5 (15.8) a b 50.4 (17.2) a b 55.7 (17.5) a 41.1 (14.4) b F = 2.87 0.04 
Avoidance (POAM-P) 26.4 (4.7) 12.1 (5.5) 25.4 (3.7) 13.7 (6.0)   
Overdoing (POAM-P) 18.8 (4.5) 28.6 (3.1) 28.1 (2.6) 17.4 (5.0)   
a b c values with the same superscripts represent homogenous subsets 
Normally distributed data are represented by means (SD) and not normally distributed data are repre-
sented by medians (interquartile ranges). 
TSK = Tampa Scale for Kinesiophobia; BDI-II = Beck Depression Inventory II; Avoidance = Score on the 
avoidance subscale of the POAM-P; Overdoing = Score on the overdoing subscale of the POAM-P 
3.2. Disability, daily uptime, and physical activity in daily life 
Table 2 presents the scores on activity-related variables for the four subgroups. 
Both avoiders and mixed performers felt significantly more disabled as compared to 
persisters and functional performers. Persisters had a significantly higher disability 
level compared to functional performers (p < 0.05). Furthermore, avoiders reported 
to be less active on the BPAQ compared to persisters and functional performers (p < 
0.05). Mean daily uptime of persisters was 889 min (SD = 65.0), which is significantly 
higher than the uptime for avoiders (820 min (SD = 66.2), p < 0.01). The objectively 
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assessed activity level, the level of activity fluctuations over time, and the power of 
the highest activity peak did not differ significantly between avoiders and persisters. 
 
Table 2:  Scores on activity-related variables for the different activity-related behaviour styles 
 1. Avoiders 
(N = 18) 
2. Persisters 
(N = 19) 
3. Mixed 
performers 
(N = 22) 
4. Functional 
performers 
(N = 20) 
Test 
Statistic 
p-value 
 
Disability (RDQ) 13.6 (3.6) a 10.8 (3.6) b  13.9 (4.1) a  8.0 (3.5) c  F = 11.1  < 0.001 
Habitual activity 
level (BPAQ) 
7.8 (6.9–8.9) a 9.2 (7.4–10.6) b c
 
8.3 (7.5–9.5) a b 9.0 (8.3–10.2) c χ2 = 8.95 0.03 
Uptime  
(in min) 
820 (66.2) a 
 
889 (65.0) b  866 (75.5) a b  854 (87.0) a b  F = 2.76 0.05 
Objective Activity 
(in counts x 103) 
187 (133–276) 214 (178–247) 196 (155–296) 
 
178 (138–219) χ2 = 2.32 0.51 
Fluctuationsact 310 (251–424) 326 (273–491) 337 (266–439) 350 (283–504) χ2 = 0.63 0.88 
PApower  
(in counts x 103) 
52.6 (39.8–72.8) 46.8 (33.2–74.6)
 
43.1 (35.9–90.6) 47.6 (33.7–70.3) χ2 = 0.70 0.87 
a b c values with the same superscripts represent homogenous subsets 
Normally distributed data are represented by means (SD) and not normally distributed data are repre-
sented by medians (interquartile ranges). 
RDQ = Roland Disability Questionnaire; BPAQ = Baecke Physical Activity Questionnaire 
3.3. The association between pain intensity level and activity 
Table 3 presents the results of the multilevel analyses of model 1 with the level of 
pain intensity as dependent and the objectively assessed activity level, the group 
variable avoiders/persisters and the interaction between both variables as inde-
pendent variables. Note that these analyses only included the data of patients that 
fulfilled the pre-determined validity criteria for diary assessment. Eventually a valid 
diary assessment was available for 30 of the 37 patients classified as avoider (N = 
14) and persister (N = 16). No significant model, associations or interaction were 
found. Table 4 shows the results of model 2 including the self-reported activity level 
based on the diary as independent variable instead of the objectively assessed 
physical activity level in model 1. In the first step, a significant model was found in 
which a higher self-reported physical activity level between two beeps was related 
to a higher level of pain intensity at the moment of the last beep (β = 0.09, p < 
0.001, Wald χ2= 24.99, p < 0.001). In the second step, the interaction term was 
added which contributed significantly to the model (β = 0.15, p < 0.001). The analy-
sis per subgroup (table 5) revealed that the association between the pain intensity 
level and self-reported activity level in avoiders was not significant. In contrast, in 
persisters the level of physical activity assessed in the diary significantly explained 
the level of pain intensity (β = 0.15, p < 0.001, Wald χ2= 40.95, p < 0.001). 
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Table 3:  Multi level analysis with pain intensity as dependent and the objective activity level in daily 
life, group (avoiders/persisters) and the interaction between both variables as independent 
variables 
Wald = 1.65, p = 0.44 
 Main Effects β SE Z P 
Step 1:      
Objective activity level 0.02 0.02 1.25 0.21 Pain intensity 
Group (avoiders/persisters) -0.08 0.28 -0.30 0.77 
Wald = 1.66, p = 0.65 Step 2:      
Pain intensity Group x objective activity 0.00 0.04 0.06 0.96 
 
Table 4:  Multi level analysis with pain intensity as dependent and the subjectively reported activity 
level in daily life, group (avoiders/persisters), and the interaction between both variables as 
independent variables 
Wald = 24.99, p < 0.001 
  β SE Z P 
Step 1:      
Subjective activity level 0.09 0.02 4.99 < 0.001 Pain intensity 
Group (avoiders/persisters) -0.10 0.29 -0.36 0.72 
Wald = 42.57, p < 0.001 Step 2:      
Pain intensity Group x subjective activity 0.15 0.04 4.17 < 0.001 
 
Table 5:  The multilevel analyses evaluating the association between pain intensity and the subjec-
tively reported activity level in daily life within the avoiders and persisters subgroup  
 Main Effects β SE Z P 
Avoiders Wald = 0.01, p = 0.91 
Pain intensity Subjective activity level 0.00 0.03 -0.12 0.91 
      
Persisters Wald = 40.95, p < 0.001 
Pain intensity Subjective activity level 0.15 0.02 6.40 < 0.001 
4. Discussion 
This study aimed to compare characteristics of patients with CLBP based on differ-
ent activity-related strategies. Furthermore, associations between pain intensity 
level and self-reported and objectively assessed daily life activity level were evalu-
Main Effects 
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ated within patients classified as avoiders and persisters on the basis of their POAM-
P score. 
This study could not confirm a lower mean objectively assessed activity level for 
avoiders compared to persisters. One might speculate that patients classified as 
avoiders are especially prone to avoid specific activities or postures that they fear 
might cause a pain increase. If they do perform other non-feared activities their 
mean activity level may still be comparable to patients classified as persisters. The 
accelerometer is not able to register enough details to differentiate between vari-
ous types of activities (such as standing, walking and cycling). Although accelerome-
try provides a valid representation of global activities in daily life (38), no informa-
tion is obtained about specific postures and type of activities. For future research, it 
is recommended to use an activity monitor, which enables the identification of 
different types of activities and postures (8, 32). It can than be established whether 
specific types of activities are avoided. 
In contrast to objectively assessed mean activity level, self-reported activity 
level, measured with the BPAQ, was lower in avoiders compared to persisters. 
Avoiders also reported a higher level of fear of movement, which is in line with the 
fear-avoidance model (40). Our finding that avoiders have a shorter period of daily 
uptime compared to persisters is consistent with earlier research that showed that 
higher levels of pain-related fear were associated with longer periods of bed rest in 
patients with acute low back pain (36). This suggests that in avoiders, pain-related 
fear forces a patient to have a shorter daily uptime, whereas in persisters the drive 
to finish all activities eventually results in a longer daily uptime. Furthermore, previ-
ous research also found that the subjectively reported standing and walking time 
were lower in patients classified as avoiders than in patients with a behavioural 
pattern that resembles our persister group (27). However, no reference values for 
daily uptime in healthy individuals are available. Future research on this theme 
seems recommendable. 
Another intriguing finding is that in persisters a higher activity level as reported 
in the diary, seems to result in an increase of pain, whereas in avoiders no associa-
tion between pain and activity could be found. This could imply that, during activi-
ties, persisters indeed ignore their pain and try to finish the activity which results in 
a higher level of pain afterwards. The novelty of the current study is that the asso-
ciation between pain and activity within daily life activities were evaluated for per-
sisters and avoiders separately. Other studies evaluating this relationship in patients 
with pain did not differentiate between differences in activity-related strategies of 
the individual patients. They indeed reported an association between activity and 
pain in acute pain, but not in the chronic phase (26, 35). In the current study there 
was no association between the objectively assessed activity level and current pain 
intensity level, but in patients classified as persister an association was found be-
tween self-reported activity level and the level of pain intensity. A possible reason 
C H A R A C T E R I S T I C S  O F  S U B G R O U P S  B A S E D  O N  A C T I V I T Y - R E L A T E D  B E H A V I O U R  
 123 
for this discrepancy could be that the perception of persisters of their actual daily 
life activities is distorted (20). When peristers notice an increase in their pain they 
might infer that this is caused by having been more active in the preceding time 
period. Another reason for the difference in findings between the objective and 
diary assessment could again be that the accelerometer cannot differentiate be-
tween different activities. For patients with CLBP some activities or postures can 
cause a pain increase, whereas other activities with similar acceleration signals have 
no influence on pain intensity. 
Both avoiders and persisters felt more disabled in their daily life functioning 
than functional performers. Furthermore, avoiders reported more limitations in 
their functioning compared to persisters. This finding could also be based on the 
fact that the current available disability questionnaires especially focus on avoid-
ance-related disability instead of persistence-related disability. Some items in the 
RDQ (e.g., “I avoid heavy jobs around the house because of my back.”, “I sit down 
for most of the day because of my back”, and “Because of my back, I lie down to 
rest more often.”) will not be positively confirmed by persisters, whereas avoiders 
will. Although persisters will probably continue with the performance of activities, 
they can perceive themselves as disabled in performing physical and/or social activi-
ties. Therefore, more research is needed to solve the issue whether persisters in-
deed perceive less limitations or that measuring disability in persisters is more com-
plicated and that the validity of existing questionnaires is limited for this specific 
patient group. 
An unexpected finding was the high number of patients in the mixed performer 
group. Initially, persistence and avoidance were assumed to be two opposite strate-
gies on a continuum, as proposed in the avoidance-endurance model (17, 18). How-
ever, a substantial number of patients scored high on both persistence and avoid-
ance behaviour. This mixed performer group showed higher levels of fear of move-
ment, pain intensity, depression, disability, and a lower self-reported activity level 
compared to the functional performers. In this mixed performer group, it might be 
that it is context-dependent whether a patient persists or avoids activities. Patients 
in this mixed performer group seem to be at least as dysfunctional as persisters and 
avoiders. The characteristics of this mixed performer group shows similarities with 
the characteristics of the ’extreme cycler’ as identified by McCracken et al. (27). The 
extreme cyclers were characterized by high levels of confronting (resembling persis-
tence), avoidance, and pacing. This group reported more pain, anxiety and physical 
disability than the medium cycler group (comparable to the functional group in this 
study). Future studies should gain more insights in a patients’ decision for using 
either avoidance or persistence strategies in their daily life activities. 
One limitation of the current study is the limited number of patients in each 
group. Eventually, the data of 23 patients could not be used for further analyses. Of 
these 23 patients, 10 had an invalid RT3 score and data of 13 patients did not meet 
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the pre-defined data selection criteria for valid physical activity assessment. In addi-
tion, seven patients classified as avoider or persister did not have a diary assess-
ment and therefore data of these patients could not be used in the analyses evalu-
ating the association between pain intensity (derived from the diary) and objectively 
assessed level of physical activity (with accelerometry). For future research it is 
recommended to further develop the measurement techniques to prevent drop-
outs due to failure of the accelerometer or electronic diary. 
This study has clinical implications. Current cognitive-behavioural treatment 
approaches of CLBP are predominantly aimed at restoring physical functioning in 
patients showing avoidance behaviour. Exposure in vivo and graded activity are 
evidence-based interventions that appear to be highly effective in reducing disabil-
ity in this subgroup of patients (24).This study demonstrates that not only activity 
avoidance but also persistence is associated with increased disability. The optimal 
treatment approach for patients employing a persistent strategy might however be 
different from that which is being used for patients with an avoidant strategy. A 
recent study applied tailored treatments for fibromyalgia patients showing either 
avoidance or persistence behaviour and found that these led to significant im-
provements in physical and psychological functioning (33). A similar approach might 
be useful for patients with CLBP showing distinct activity-related behaviour pat-
terns. Developing tailored treatments for all subgroups of patients with CLBP is a 
future challenge. 
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Chapter 8 
“Being” in pain: the role of self-
discrepancies in the emotional 
experience and activity patterns of 
patients with chronic low back pain 
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Abstract 
Chronic pain not only interferes with daily activities, it may also have a negative 
impact on the perceived integrity of one’s self through self-discrepancies. Self-
discrepancies are experienced distances between the actual self and self-guides that 
can exist from two perspectives (i.e. own and other). Self-discrepancies are associ-
ated with negative mood states and incite self-regulatory behaviour in order to 
reduce these discrepancies. The present study was aimed at replicating the emo-
tional consequences of self-discrepancies in patients with chronic low back pain, 
and extending current knowledge of the behavioural consequences of self-
discrepancies (i.e. behavioural activity patterns such as avoidance and persistence). 
A cross-sectional design was employed with 83 patients who completed a num-
ber of self-report measures. We hypothesized that ideal and ought discrepancies, 
and feared congruencies were associated with depressed and anxious mood. On the 
behavioural level, a u-shaped relationship was hypothesized between ideal and 
ought self-discrepancies and persistence behaviour, whereas feared self-
discrepancies were hypothesized to be related to avoidance behaviour. 
Results were partially in line with the hypotheses. With respect to the emo-
tional consequences, feared (own and other) self-discrepancies were predictive of 
depressive and anxious mood. With regard to activity patterns, results showed a u-
shaped relationship between ideal-other self-discrepancies and persistence behav-
iour and a positive relationship between feared-own self-discrepancies and avoid-
ance-behaviour. In contrast to expectations, none of the other self-discrepancies 
was related to activity patterns. Of interest was that avoidance, but not persistence 
behaviour, was predictive of higher levels of disability and lower levels of quality of 
life. 
1.  Introduction 
Pain can interrupt ongoing cognitive and physical tasks, and interferes with daily 
activities (9). This is especially the case when pain is interpreted catastrophically and 
when pain-related fear has developed (8, 19). When pain persist, such as in chronic 
musculoskeletal pain, the continued interference and associated disability poses a 
real challenge to patients, which is reflected in low levels of quality of life and nega-
tive perception of one’s own identity (18, 22). In an attempt to restore daily func-
tioning, patients can alter their performance. This anticipated change in their activ-
ity pattern is however often unsuccessful, and can even be counterproductive. For 
example, a body of research has shown that pain catastrophizing and pain-related 
fear might lead to unnecessary avoidance of activities and consequently to disuse 
and disability in the long term (33). Besides activity patterns characterized by avoid-
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ance, researchers and clinicians have suggested that there is also a group of chronic 
pain patients with disability complaints, who tend to persist in performing activities 
despite their pain (15, 31, 34). So far, empirical evidence explaining why some 
chronic pain patients persist in activities while others avoid activities is lacking. 
A possible mechanism explaining both avoidance and persistence behaviour 
might be derived from the Self-Discrepancy Theory (SDT; 16). SDT explains how self-
discrepancies, that is, discrepancies between the actual self (i.e. the person you are 
now) and the ideal self (i.e. the person you ideally would like to be), the ought self 
(i.e. the person you feel you ought to be) or feared self (i.e. the person you fear to 
be), lead to negative emotions and distress (6, 16). Studies in chronic pain popula-
tions have shown that self-discrepancies are associated with higher levels of de-
pression, anxiety, distress, and pain (11, 35). Besides emotional consequences, self-
discrepancies are also thought to be associated with behavioural consequences. 
That is, self-discrepancies motivate self-regulatory behaviours in order to reduce 
discrepancies (or enlarge discrepancies in case of the feared self) (3, 7). 
The first aim of the present study was to replicate earlier findings and investi-
gate the emotional consequences of self-discrepancies in patients with chronic pain. 
In line with previous studies (11, 35), we hypothesize that ideal and ought discrep-
ancies and feared congruencies predict depressive and anxious mood. The second 
aim was to extend the study of self-discrepancies in chronic pain patients by exam-
ining their explanatory function in activity patterns. We hypothesize that ideal or 
ought self-discrepancies are associated with persistence behaviour because their 
behaviour is driven by a focus on desired or obliged end states (i.e. ideal or ought 
self). Yet, persistence behaviour might also be aimed at maintaining an actual-ideal 
or actual-ought congruency. Therefore, we tested the existence of a U-shaped rela-
tionship between ideal and ought self-discrepancies and persistence behaviour. 
Feared self-congruencies are hypothesized to predict avoidance behaviour since the 
focus is on an undesired end state (i.e. the feared self). Finally, we hypothesize that 
both avoidance and persistence are associated with higher levels of disability and 
inferior quality of life. 
2.  Methods 
2.1. Recruitment of participants 
The present study took place in the Southern area of the Netherlands. Participants 
were either referred to the study by their consultant in rehabilitation medicine or 
responded to the advertisement that appeared in local newspapers. Consultants in 
rehabilitation medicine were asked to refer patients meeting the in- and exclusion 
criteria for the present study. In case patients responded to the advertisement, 
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selection criteria were checked by a consultant in rehabilitation medicine, who 
performed a medical screening according to the clinical guidelines for low back pain 
of the Dutch College of General Practitioners (10). Participants were eligible for 
inclusion in the present study if they suffered from non-specific low back pain for at 
least three months, were aged between 18 and 65 years and had sufficient knowl-
edge of the Dutch language. Participants, for whom primary psychiatric treatment 
was indicated, were excluded. For female participants, pregnancy was also an exclu-
sion criterion. 
2.2. Measures 
Next to socio-demographics (i.e. gender, age, education level, occupation) and pain-
related information (i.e. pain duration), data were obtained for the following meas-
urement instruments. Reliability coefficients (Cronbach’s alpha) of all question-
naires are presented in Table 1. 
2.2.1. Self-discrepancies 
Self-discrepancies were measured by assessing Hardin’s Selves Questionnaire (HSQ; 
12) in the form of a semi-structured interview. Participants were asked to generate 
attributes for each self-guide (i.e. ideal, ought and feared) from two perspectives, 
their own perspective and the internalized perspective of someone who is impor-
tant to them (e.g. spouse). (Originally, the HSQ assesses the undesired self instead 
of the feared self. For the purpose of our hypotheses, we revised the description of 
the undesired self and, in concordance with Carver & Scheier (6), modified it to the 
feared self.) More specifically, participants listed 5 attributes they ideally would like 
to possess (Ideal-own), 5 attributes they feel the important other would ideally like 
them to possess (Ideal-other), 5 attributes they feel they ought to possess (Ought-
own), 5 attributes they think the other feels they ought to possess (Ought-other), 5 
attributes they fear to possess (Feared-own), and 5 attributes the other fears they 
possess (Feared-other). After listing all 30 attributes, participants were asked to rate 
to which extent each attribute currently describes themselves on a scale from 1 
(does not describe me at all) to 5 (completely describes me). Self-discrepancy scores 
were obtained by summing the discrepancy-scores of the five attributes. For the 
ideal and the ought self, lower scores indicated larger discrepancies reflecting a 
negative state while for the feared self, lower scores indicated smaller congruencies 
and therefore reflect a positive state. The HSQ is a valid and reliable instrument to 
measure self-discrepancies (12). To permit comparisons with previous studies in 
which the HSQ was used (11, 12), the scores presented in Table 1 are the scores per 
self-guide divided by five (i.e. the number of attributes). 
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2.2.2. Depression 
The Dutch version of the Beck Depression Inventory II (BDI-II; 2) was utilized to 
measure depression. Depressive symptomatology is questioned in 21 items with 
several possible responses and scores ranging from 0 to 3. Total scores are obtained 
by summing the item scores resulting in total scores ranging from 0 (not depressed 
at all) to 63 (severely depressed). The BDI-II has sound psychometric properties (1) 
and has been found suitable for administration in chronic pain populations (13). 
2.2.3. Anxiety 
The anxiety subscale of the Hospital Anxiety and Depression Scale (HADS; 36) was 
used to measure anxiety. The anxiety subscale exists out of 7 items about the fre-
quency of experiencing anxious states on a 4-point scale. The Dutch version of the 
HADS has been found to be a reliable and valid instrument (27). 
2.2.4. Activity patterns 
To measure avoidance and persistence behaviour a recently developed instrument, 
the Patterns of Activity Measure-Pain (5) was administered. The POAM-P is a 30-
item self-report measure, developed to identify three activity patterns in patients 
with chronic pain, namely avoidance (10 items), overdoing (i.e. persistence behav-
iour; 10 items) and pacing (10 items). Yet, since the focus of the present study is on 
avoidance and persistence, no results regarding the pacing-scale will be reported. 
An example of an avoidance item is “I avoid activities that I know will make my pain 
worse” while a contrasting item of the overdoing scale is “When I’m doing an activ-
ity I don’t stop until it is finished”. Participants have to indicate to which extend the 
items applies to them on a five point scale ranging from 0 (not at all) to 4 (always). 
Total scores per subscale range from 0 to 40. The three-factor structure of the 
Dutch version of the POAM-P has been confirmed and the three subscales were 
found to be highly internal consistent (Cronbach alphas ranging from .80 to .94). 
Significant and meaningful associations with related constructs such as fear of 
movement and (re)injury, pain catastrophizing, depression and disability, confirmed 
the validity of the subscales (Kindermans HPJ, Roelofs J, Goossens M, Huijnen IP, 
Verbunt JA, Vlaeyen J., unpublished manuscript). 
2.2.5. Disability 
Disability was measured with the Roland Disability Questionnaire (RDQ; 26). The 
RDQ presents 24 daily activities of which participants have to indicate whether their 
low back pain interferes with the activity (score 1) or not (score 0). The item scores 
are summed leaving total score ranges between 0 and 24, with higher scores reflect-
ing higher levels of disability. The Dutch version of the RDQ is a reliable and valid 
instrument assessing disability in patients with chronic low back pain (4). 
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2.2.6. Health related quality of life 
The RAND 36-item Health survey (30) was administered to measure health related 
quality of life. The questionnaire comprises 9 subscales measuring both physical and 
mental health, and therefore enabling the computation of a physical (physical func-
tioning, physical role limitations, general health perception, and pain) and a mental 
health (social functioning, emotional role limitations, mental health, and vitality) 
scale, which will be used in the present study. The ninth, 1-item subscale ‘health 
change’ does not belong to one of the aforementioned scales and will not be re-
ported on. Responses to the items are given on a three or six point Likert scale, or 
with ‘yes’ or ‘no’, depending on the subscale. Psychometric properties of the RAND-
36 are satisfactory (29, 30). 
2.2.7. Pain intensity 
Pain intensity was measured on three 100 mm Visual Analogue Scales (25) on which 
participants had to indicate their ‘worst pain last week’, ‘least intense pain last 
week’, and ‘current pain intensity’. The average of the scores on these three scales 
was used as a composite score of pain intensity. 
2.3. Procedure and design 
Patients who were interested in participation received a participant information 
letter and in case they responded that they were willing to participate, they were 
then contacted by the researchers. Participants who responded to the advertise-
ment also received a participant information letter and, in case of willingness to 
participate, they were screened by a consultant in rehabilitation medicine to ensure 
qualification for the present study. After obtaining written informed consent, par-
ticipants were invited to come to the university to have the HSQ-interview or were 
interviewed by telephone. Thereafter, participants completed the self-report ques-
tionnaires, either on paper or an electronic version presented via internet. The pre-
sent study was part of a larger study, which also included daily life assessments and 
follow-up measurements that will be reported elsewhere. Participants received a 
gift voucher for their participation and were reimbursed for their travel expenses. 
The present study was approved by the Medical Ethics Committee of the Maas-
tricht University Medical Centre (MEC 06–3-046) and by the institutions of the re-
habilitation units from where patients were referred to the study. 
2.4. Statistical analysis 
Data preparation involved missing data analyses and checks for normality of the 
variables for which the Statistical Package for Social Sciences (SPSS 15.0) was used. 
In case of less then 10 percent missing values per (sub-) scale, the missing value was 
C H A P T E R  8  
 138 
estimated by means of regression techniques. Scales with more then 10 percent 
missing values were dropped from analyses. Two scales, namely the BDI-II and pain 
duration, did not meet assumptions of normality and were square-root transformed 
prior to analyses. After transformation, skewness and kurtosis values of both scales 
were in the acceptable range of -1 and +1. 
Computations of descriptive information, chi-square and t-tests, and correla-
tional analyses were carried out in SPSS 15.0. Besides correlational analyses, hierar-
chical multiple regression analyses were carried out in SPSS to determine the con-
tribution of self-discrepancies to the prediction of negative mood (depression and 
anxiety) and activity patterns (avoidance and persistence) and the contribution of 
activity patterns to disability and quality of life. To prevent type I errors due to mul-
tiple testing, alpha was set to .01. 
3.  Results 
3.1. Participants 
3.1.1. Participants flow 
A total of 116 participants with chronic non-specific low back pain participated in 
the present study. Yet, due to missing data, 33 participants (28%) were not included 
in the analyses. Of these 33 participants, one participant did not complete the HSQ-
interview and 17 did not complete the self-report questionnaires. The remaining 
fifteen participants did complete the HSQ-interview and the self-report question-
naires but still had too many missing data (i.e. more than 10% on the level of indi-
vidual items) after running missing values analyses. A lack of descriptive information 
of the 17 participants, who did not fill in the questionnaires, precluded checking for 
selective drop-out. The reasons for withdrawal were in most cases unknown, yet, 
some indicated a lack of time due to personal circumstances or experienced the 
study as too burdensome. In total, 83 participants were included in the analyses of 
which 58 (70%) participants were referred to the study by their consultant in reha-
bilitation medicine and 25 (30%) responded to the advertisements in local newspa-
pers. Participants who responded to the advertisement were older (M=52.20, 
SE=1.94) than those referred by their consultant in rehabilitation (M=44.41, 
SE=1.31; t (81) =-3.29, p=.001). There were no significant differences between both 
samples on the other independent and dependent variables. 
3.1.2. Descriptive information 
Forty-two women and 41 men were included in the analyses. There were no gender 
differences on the self-report questionnaires. Age ranged from 22 to 65 with a 
mean of 46.76 years (SD=10.46). With respect to education level, the majority of 
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participants received lower secondary professional education or below (53%). The 
rest of the participants received at maximum higher general secondary education 
(31%) or higher education (13%). 53% was employed (full or part-time), 6% was on 
sick leave and 21% were recipients of disablement insurance benefits. The average 
duration of the pain complaints was 9.81 years (SD= 8.93) and ranged from 5 
months to 39 years. Mean pain intensity, measured on 100mm VAS scales, was 
49.47 (SD=18.73). Furthermore, means and standard deviations of the scores on the 
self-report questionnaires are presented in Table 1. 
3.2. Self-discrepancies and emotional consequences 
Prior to the hierarchical multiple regression analyses, correlational analyses were 
carried out to investigate the relationships between the distinct types of self-
discrepancies and depression and anxiety (Table 1). Results showed that ought-own 
and feared-own and –other discrepancies were significantly related to depression 
and feared-own and –other to anxiety in the expected direction. Pearson correla-
tions ranged from r=-.28 to r=.40 at p≤.01 (see Table 1). Thus, the closer participants 
felt to their ought-own, the less depressive mood they experienced. Regarding 
feared selves, both feared-own and feared-other congruencies were related to 
depression and anxiety. This means that participants who felt close to the person 
they feared to be, or close to the person that another feared them to be, the more 
feelings of depression and anxiety the participant experienced. Feeling close to the 
ideal (own nor other) or ought-other self was not significantly related to depressive 
or anxious mood. 
Hierarchical multiple regression analyses were performed predicting depression 
and anxiety while controlling for socio-demographic variables (gender and age) in 
the first block and pain-related variables (pain duration and mean pain intensity) in 
the second block. Each type of self-discrepancy from both perspectives (ideal, 
ought, and feared) was analyzed separately and was entered in the third block. 
Ideal-own and ideal-other self-discrepancies were not predictive of depression (re-
spectively β = -.25, t = -2.08, p = .04 and β = -.06, t = -.47, p = .64) nor anxiety (re-
spectively β = -.27, t = -2.11, p = .04 and β = .00, t = .01, p = .99). Neither were 
ought-own or ought-other self-discrepancies predictive of depression (respectively 
β = -.25, t = -2.07, p = .04 and β = -.01, t = -.12, p = .90) or anxiety (respectively β = -
.19, t = -1.48, p = .14 and β = -.07, t = -.58, p = .57). Since ought-own, but not ought-
other, self-discrepancies were significantly related to depression in the correlational 
analyses, separate regression analyses were run for the ought-own predicting de-
pression. Yet, ought-own self-discrepancies were not predictive of depression while 
controlling for socio-demographic and pain-related variables (β = -.25, t = -2.50, p = 
.02). Further, as can be seen in table 2, the addition of feared-own and –other self-
discrepancies (block 3a) to the prediction of depression and anxiety resulted in a 
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significant F change while the predictors themselves did not reach statistical signifi-
cance. Since this might indicate a type II error at the predictor level, regression 
analyses were conducted for the feared-own and the feared-other self-discrepancy 
separately (block 3b and 3c). Results demonstrated that both feared-own and 
feared-other self-discrepancies were significant predictors of depression and anxi-
ety over and beyond the contribution of socio-demographic and pain-related vari-
ables (Table 2). So, feeling far away from the feared self was predictive of lower 
levels of depression and anxiety. 
 
Dependent Blocks Variables B SE B β ∆R2 ∆F p ∆F 
Gender -.17 .23 -.08 .01 .29 ns Depression 
(BDI) 
1 
Age -.02 .12 -.01    
Pain duration .06 .11 .06 .16 7.68  ≤ .001  2 
Mean pain intensity .42 .11 .40*    
Feared-own .25 .14 .24 .14 7.95  ≤ .001  3a 
Feared-other .20 .13 .19    
 3b Feared-own .38 .11 .36* .12 13.32  ≤ .001 
 3c Feared-other .35 .10 .34* .11 12.08  ≤ .001 
Gender -.05 .23 -.02 .01 0.23 ns Anxiety 
(HADS) 
1 
Age -.08 .12 -.07    
Pain duration -.01 .12 -.01 .07 2.90 ns  2 
Mean pain intensity .27 .11 .26    
 3a Feared-own .25 .14 .23 .15 7.57  ≤ .001 
  Feared-other .22 .14 .21    
 3b Feared-own .39 .11 .37* .13 12.38  ≤ .001 
 3c Feared-other .37 .11 .36* .12 11.88  ≤.001 
Table 2:  Summary of hierarchical regression analyses for feared self-discrepancies predicting depres-
sion and anxiety while controlling for socio-demographic and pain-related variables 
3.3. Self-discrepancies and activity patterns, disability, and quality of life 
Results from the correlational analyses (Table 1) did not show significant associa-
tions between self-discrepancies and activity patterns, yet, did show associations 
between avoidance behaviour on the one hand and disability and quality of life 
(physical and mental) on the other hand. In contrast, persistence behaviour was not 
significantly related to disability or quality of life. 
To further test the contribution of self-discrepancies to activity patterns, three 
hierarchical multiple regression analyses were carried out. In all regression analyses, 
socio-demographic variables (gender and age) were entered in the first block and 
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pain-related variables (pain duration and pain intensity) in the second block. To 
explain persistence behaviour, ideal-own and ideal-other self-discrepancies were 
entered in the third block and, in a second regression analysis, replaced by ought-
own and ought-other self-discrepancies. In the fourth block, the quadratic terms of 
the self-discrepancies were added to test the u-shaped relationship. There were no 
significant main effects of self-discrepancies on persistence behaviour. Yet, the 
quadratic term of the ideal-other significantly predicted persistence behaviour (ta-
ble 3). This means that participants who felt close to their ideal-other as well as 
those who felt far away from their ideal-other, both showed higher levels of persis-
tence behaviour.  
Figure 1:  The relationship between overdoing and ideal-other self-discrepancies 
 
With regard to ought self-discrepancies, neither the quadratic terms of the ought-
own self-discrepancy, nor ought-other self-discrepancy were significant predictors 
of persistence behaviour (respectively β = .05, t = .39, p = .70 and β = .14, t = 1.08, p 
= .29). In the regression analysis with avoidance behaviour as the dependent vari-
able, the feared-own and feared-other were entered in the third block. Results 
showed that the closer participants felt to the person they fear to be, the more 
likely they were to exert avoidance behaviour (table 3). In line with aforementioned 
analyses, the feared-own (block 3b) and the feared-other (block 3c) were also 
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tested separately. As presented in table 3, the feared-own was no longer a signifi-
cant predictor of avoidance when the effect of the feared-other was not controlled 
for. 
 
Table 3: Summary of hierarchical regression analyses for self-discrepancies predicting overdoing and 
avoidance while controlling for socio-demographic and pain-related variables 
Dependent Blocks Variables B SE B β ∆R2 ∆F p ∆F 
Gender -.02 .21 -.01 .01 .29 ns Overdoing 
(POAM-P) 
1 
Age -.08 .11 -.08    
Pain duration -.00 .11 -.00 .05 2.04 ns  2 
Mean pain intensity .22 .11 .22    
Ideal-own -.06 .12 -.06 .03 1.11 ns 3 
Ideal-other .24 .12 .25    
Ideal-own2 .00 .01 .09 .10 4.69 ≤ .01 
 
4 
Ideal-other2 .01 .01 .30*    
1 Gender .16 .22 .08 .01 .36 ns Avoidance 
(POAM-P)  Age -.06 .12 -.06    
 2 Pain duration .19 .12 .19 .05 1.88 ns 
  Mean pain intensity .13 .11 .13    
Feared-own .40 .15 .39* .08 3.69 ns  3a 
Feared-other -.20 .14 -.20    
3b Feared-own  .26 .11 .26 .06 5.29 ns  
3c Feared-other  .04 .11 .04 .00 .14 ns 
* p ≤ 0.01. 
 
Hypotheses concerning the prediction of disability and quality of life from activity 
patterns were also tested with hierarchical regression analyses for each activity 
patterns separately (Table 4). In line with aforementioned analyses, socio-
demographic and pain-related variables were controlled for in the first two blocks. 
In the third block, either persistence or avoidance behaviour was entered. Results 
showed that avoidance but not persistence behaviour was a significant predictor of 
disability and mental and physical quality of life. 
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Table 4: Summary of hierarchical regression analyses for activity patterns predicting disability and 
quality of life (QOL) while controlling for socio-demographic and pain-related variables. 
Dependent Blocks Variables B SE B β ∆R2 ∆F p ∆F 
Gender -.09 .22 -.05 .00 .10 ns Disability (RDQ) 1 
Age -.01 .11 -.01    
Pain duration -.00 .10 -.00 .29 16.00 p < .001  2 
Mean pain intensity .52 .09 .54*    
3a Overdoing .07 .10 .07 .00 .55 ns  
3b Avoidance .41 .08 .43* .17 25.11 p < .001 
Gender .18 .21 .09 .07 3.01 ns Physical QOL 
(RAND-36) 
1 
Age .24 .11 .24    
Pain duration -.03 .09 -.03 .40 29.39 p < .001  2 
Mean pain intensity -.63 .08 -.64*    
 3a Overdoing -.09 .09 -.09 .01 1.04 ns 
 3b Avoidance -.34 .07 -.35* .12 21.30 p < .001 
Gender .19 .23 .09 .03 1.01 ns Mental QOL 
(RAND-36) 
1 
Age .12 .12 .12    
 2 Pain duration -.09 .11 -.09 .23 11.90 p < .001 
  Mean pain intensity -.49 .10 -.47*    
 3a Overdoing -.15 .10 -.14 .01 1.23 ns 
 3b Avoidance -.38 .09 -.37* .13 15.89 p < .001 
* p < 0.001 
4. Discussion 
The aim of the present study was twofold. The first aim was to inspect the emo-
tional consequences of self-discrepancies in patients with chronic pain. The second 
aim was to extend the study of self-discrepancies in patients with chronic pain by 
testing self-discrepancies’ value in predicting self-reported activity patterns and, as 
a consequence of these activity patterns, disability levels and quality of life. With 
regard to the first aim of the study, results showed that feared (own and other) self-
discrepancies were indeed related to emotional distress. Yet, ought and ideal (own 
or other) self-discrepancies were not. Regarding the second aim, results showed 
that the feared-own, but not the feared-other, was associated with avoidance. Fur-
thermore, a U-shaped relationship between the ideal-other and persistence behav-
iour was demonstrated. Finally, avoidance, but not persistence behaviour, contrib-
uted to higher levels of disability and diminished mental and physical health. 
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Based on the present results, emotional distress appears strongly related to the 
experienced proximity to the feared self, since this was associated with and predic-
tive of both anxiety and depression. This is also in line with findings from Goossens 
and colleagues, who studied patients with chronic pain in the upper extremities and 
found that patients who felt close to their feared self, reported higher levels of 
depression and anxiety (11). In contrast with Waters and colleagues (35), who stud-
ied chronic low back pain patients, ideal (own and other) self-discrepancies were 
not related to depression nor anxiety in the present study. Further, ought-own self-
discrepancies were related to depression but this relationship was no longer signifi-
cant after controlling for socio-demographic and pain-related variables. The finding 
that Ought-other self-discrepancies were not related to anxiety or depression is in 
contrast with previous studies, demonstrating detrimental consequences of ought 
self-discrepancies, including depressed and anxious mood, in chronic pain patients 
(11, 35). The present results might originate from the dynamics between different 
types of self-discrepancies. Carver and colleagues (6) already suggested that prox-
imity to the feared self might minimize the importance of approaching desired end 
states, such as the ideal and ought self, because of the salience of the feared self. 
This is also supported by other studies, showing that the undesired self, which is 
closely related to the feared self, is a better predictor of well-being related con-
structs (23, 24). It might be that the feared self was also more salient to participants 
in the present study. 
With respect to behavioural consequences of self-discrepancies, ideal and 
ought self-discrepancies were hypothesized to be related to persistence behaviour. 
Results showed that patients who felt close to their ideal-other as well as those who 
experienced great discrepancies between their actual and ideal-other, both showed 
higher levels of persistence behaviour. For the participants who feel discrepant 
from their ideal-other self, persistence behaviour might be an (unsuccesfull) at-
tempt to get closer to their ideal self. For those who feel close to their ideal self, 
persistence behaviour may reflect the possibility to continue their daily activities 
despite pain, and in that case persistence behaviour may be inversely related to 
disability. This ambiguity may be one of the reasons why there is no straightforward 
relationship between persistence behaviour and disability levels (17). While our 
hypothesis on the U-shaped relationship between self-discrepancies and persis-
tence behaviour was restricted to the ideal-other, this finding sheds new light on 
the functional meaning of persistence behaviour when considering self-
discrepancies. 
With regard to avoidance behaviour, results demonstrated feared-own self-
discrepancies were related to avoidance. It is noteworthy that feared-other self-
discrepancies acted as a suppressor variable in the regression analysis since the 
effect of the feared-own was only significant while controlling for the feared-other. 
Nevertheless, the present results showed that participants who felt close to their 
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feared self from their own perspective also reported more avoidance behaviour. In 
a similar vein, avoidance behaviour as predicted in the fear-avoidance model is also 
the consequence of fears, yet on a more basic ‘do-level’. The object of fear in the 
present study, namely becoming someone you do not want to be acts on a higher 
order ‘be-level’ but seems to have similar consequences. This means that the feared 
self may be understood in terms of an anti-goal and as anti-goals are likely to insti-
gate safety behaviour (20), in patients with chronic pain it is likely this leads to a 
tendency to avoid activities. In other words, this is the first study showing that the 
validity of Fear-Avoidance models appears to generalize to the level of perceived 
self and identity. 
In general, the level of measurement of self-discrepancies might play a role with 
regard to the limited results between self-discrepancies and activity patterns. Self-
discrepancies are higher order constructs, meaning that they are the result of cogni-
tive higher order processes, in which an individual reflects on his or her self. A con-
tent-analysis of self-discrepancies has also shown that the ideal, ought and feared 
selves concern general attributes mostly related to the interpersonal domain (e.g. 
honest) (11). Activity levels, on the other hand, are lower order constructs, meas-
ured at a behavioural level, and relate to the intrapersonal domain (e.g. doing 
household chores). In order to overcome this conceptual distance, self-
discrepancies might be measured on a lower level by, for example, focusing on 
activities. It might be discussed however, to what extent this operationalization 
justifies the use of then term self-discrepancies instead of activity-discrepancies. 
Partly in line with our hypotheses, the current results demonstrated that avoid-
ance behaviour was predictive of higher levels of disability and diminished quality of 
life. Yet, persistence behaviour was not. The results are however in line with find-
ings of previous studies on activity patterns (14, 21), in which no detrimental effects 
of persistence behaviour were found. In the study of McCracken and Samuel (21) 
persistence behaviour was unrelated to disability. Moreover, Hasenbring and col-
leagues (14), found that persistence behaviour was associated with lower levels of 
disability. It is noteworthy that in these three studies, three different measurement 
instruments were used to assess persistence behaviour. It is possible that, despite 
the agreement in the theoretical conceptualization of persistence behaviour, differ-
ent items might tap into different aspects of persistence behaviour. For example, an 
item focusing on “being highly active” versus an item focusing on “experiencing 
increased pain as a consequence of being highly active” might be differentially re-
lated to disability. The finding of the present study that persistence behaviour was 
related to being close to, as well as being far away from the ideal-other self, adds up 
to the importance of taking a closer look at the concept of persistence behaviour. 
Future studies should be attentive to the dynamics between types of self-
discrepancies but might also consider focusing on one type of self-discrepancy in 
order to gain more insight into direct effects on emotional or behavioural out-
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comes. Furthermore, the perspective on the self should not be neglected as differ-
ent results emerge from self-discrepancies from the own perspective versus self-
discrepancies from the other perspective. It might be interesting for future studies 
to also consider the relationship between the patient and his or her significant 
other, as listed in the self-discrepancy interview since this might be of importance 
for the strength of the self-discrepancy. For the study of the role of self-
discrepancies in activity patterns, future studies might consider possible mediating 
or moderating variables. For example, flexible goal adjustment has been shown to 
be protective against negative emotions despite the presence of self-discrepancies 
(11). 
The integration of self-discrepancies in the explanatory mechanism behind 
emotional and behavioural consequences of chronic pain might have clinical impli-
cations. Clinicians should keep in mind that patients may not only be burdened by 
fears at the level of activities but also at the level of being. Chronic pain patients 
might benefit from clinical interventions targeting the way patients see themselves 
and working with the personal goals they set for themselves, which are defined in 
the ideal and ought self. Self-system therapy (SST) which is derived from SDT has 
previously been employed in the treatment of depression, has shown promising 
results (28, 32). 
The shortcomings of the present study, being that the results rely on self-report 
and as the design was cross-sectional, no causal relationships could be confirmed, 
imply that future studies should focus on longitudinal designs to examine associa-
tions in time and experimentally testing self-discrepancies in patients with chronic 
pain. It would be interesting to experimentally activate specific self-discrepancies 
and determine under controlled circumstances whether and how they influence 
pain behaviour. Furthermore, caution is needed with respect to generalizing present 
findings to other pain populations since the present study involved a relatively ho-
mogeneous group of chronic low back pain patients only. 
Considering this is the first study to investigate this relationship, it is difficult to 
be conclusive about the role of self-discrepancies in the activity patterns of chronic 
pain patients. Nevertheless, the present results add to the importance of studying 
the feared self in patients with chronic pain and to consider both emotional and 
behavioural consequences, as the feared-own was related to avoidance. On the 
other hand, ideal self-discrepancies might be important in the light of explaining 
persistence behaviour. Yet, based on present results, the ought self might be less 
relevant in explaining emotional or behavioural consequences. Importantly, avoid-
ance, but not persistence behaviour, appeared to predict disability and diminished 
quality of life. 
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Effects of self-discrepancies on 
activity-related behaviour: explaining 
disability and quality of life in 
patients with chronic low back pain 
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Abstract 
In chronic low back pain (CLBP) research, the self-discrepancy model has been ap-
plied to explain dysfunctional avoidance and persistence behaviour. The main aim 
of the present study was to evaluate whether specific self-discrepancies in patients 
with CLBP are associated with the abovementioned types of activity-related behav-
iour and whether changes in self-discrepancies over time are associated with 
changes in activity-related behaviour. Furthermore, the aim was to evaluate 
whether avoidance and persistence behaviour are associated with a higher level of 
disability and a diminished quality of life and whether changes over time in avoid-
ance and persistence behaviour result in changes in disability and quality of life. 
A longitudinal cohort study in a sample of patients with CLBP (N = 116), in which 
self-discrepancies, disability, quality of life, and objectively registered characteristics 
of activity-related behaviour were measured, was performed to evaluate the path-
ways in the aforementioned self-discrepancy model. 
Results indicate that patients with CLBP who feel closer to their ideal-other 
show more characteristics of persistence behaviour. Patients, who move further 
away from their ideal-own, also show more characteristics of persistence behaviour. 
Furthermore, in patients characterized as avoider a decrease in a patients’ daily 
uptime was associated with a decrease of mental health-related quality of life. 
1.  Introduction 
The fear-avoidance model describes that in patients with chronic low back pain 
(CLBP) pain-catastrophizing and pain-related fear lead to avoidance behaviour (32). 
However, not all CLBP patients who are disabled, avoid activities (4). Several studies 
indicated that there are also patients who persist in their activities while feeling 
disabled (3, 18). 
To explain avoidance and persistence behaviour, recently a self-discrepancy 
model of chronic pain has been proposed (figure 1) (20). The original Self-
Discrepancy Theory of Higgins states that discrepancies between the ‘actual self’ 
(the person you are now) and ‘ideal self’ (the person you would ideally like to be) or 
‘ought self’ (the person you ought to be) lead to negative emotions and distress 
(16). Also the role of the ‘feared self’ (the person you fear to be) was evaluated (6). 
These selves may exist from the own perspective (“who would I ideally like to be?”) 
and the perspective of a significant other (“who does my spouse want me ideally to 
be?”) (16). As to patients with chronic pain, discrepancies between selves (actual vs. 
ideal, actual vs. ought, and actual vs. feared self) are associated with negative emo-
tions, depression, anxiety, distress, and pain (10, 20, 33). Actual-ideal and actual-
ought discrepancies are hypothesized to be associated with persistence behaviour 
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and actual-feared discrepancies with avoidance behaviour (20). Both avoidance and 
persistence behaviour are expected to result in more disability and a diminished 
quality of life (20). 
 
Actual-Ideal SD
Actual-Ought SD
Actual-Feared SD
Agitation
Dejection
Dejection / Agitation
Persistence
Avoidance
Disability
Quality of Life
 
Figure 1:  The self-discrepancy model for chronic pain 
 
Results of an earlier article of this project indicate that based on self-report, CLBP 
patients who feel close to their feared-own show more avoidance behaviour and 
patients who feel close or far away to their ideal-other showed more persistence 
behaviour (20). It was assumed that showing persistence behaviour when feeling 
close to the ideal-other is an adaptive response and may not result in disability, 
whereas a large discrepancy may be maladaptive and therefore result in more dis-
ability (20). No other self-discrepancies were associated with avoidance or persis-
tence behaviour. Furthermore, patients who scored high on avoidance or persis-
tence behaviour felt more disabled compared to patients scoring low on avoidance 
and persistence behaviour (18). 
Earlier research indicated that CLBP patients have difficulties estimating their 
own daily life activities (17). It therefore seems plausible that self-reported activity-
related behaviour may be biased by a patients’ perception. Whether self-
discrepancies are associated with the objectively registered activity-related charac-
teristics and whether the self-discrepancy model is consistent over time is currently 
unclear. 
Four hypotheses will be tested: 
1. A large actual-ideal and actual-ought discrepancy is associated with objec-
tively assessed characteristics of persistence behaviour and a small actual-
feared discrepancy is associated with characteristics of avoidance behav-
iour. 
2. Over time, an increase in actual-ideal and actual-ought discrepancy is re-
lated to an increase in persistence behaviour. A decrease in the actual-
feared discrepancy is associated with increased avoidance behaviour. 
3. Both higher levels of avoidance and persistence behaviour are associated 
with more disability and diminished quality of life. 
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4. When the level of persistence or avoidance behaviour increases over time, 
the disability level increases whereas quality of life decreases. 
2. Methods 
2.1. Participants 
This study is part of a larger cohort study with a baseline assessment (T1) and follow 
up measurement at 6 months (T2) in which patients with CLBP participated. Inclu-
sion criteria were: a) low back pain: pain localized below the scapulae and above the 
gluteal folds lasting over three months (24); b) age 18–65 years; c) low back pain is 
not attributable to a specific pathology (e.g. infection, tumour, osteoporosis, frac-
ture, structural deformity, inflammatory disorder (e.g. ankylosing spondylitis), 
radicular syndrome or cauda equina syndrome) (1). Exclusion criteria were a) preg-
nancy; b) serious psychiatric diseases; c) non-fluency in Dutch. Patients were in-
cluded in two different ways: 81 patients were referred by consultants in rehabilita-
tion medicine in the southern part of the Netherlands (one rehabilitation centre, six 
hospital departments of rehabilitation medicine), and 35 patients responded on an 
advertisement in a local newspaper. In case patients responded to the advertise-
ment, the above mentioned selection criteria were checked by a consultant in reha-
bilitation medicine who performed a medical screening based on the clinical guide-
line for LBP of the Dutch College of General Practitioners (8). The Medical Ethics 
Committee of the Maastricht University / University Hospital Maastricht, the Neth-
erlands, approved the study protocol. 
2.2. Measures 
2.2.1. Demographic and pain-related information 
Gender, age, work status and duration of complaints were recorded. Pain intensity 
was measured using a 100 mm Visual Analogue Scales(VAS; 25). Patients rated their 
current pain and their highest and lowest pain level during the past week. A com-
posite score was calculated from the mean of the three VAS-scores. 
2.2.2. Self-discrepancies 
Self-discrepancies were measured with Hardin’s Selves Questionnaire (HSQ; 12) 
using a semi-structured interview (19). Participants were asked to generate ideal, 
ought and feared attributes from two perspectives, their own perspective and the 
internalized perspective of someone who is important to them (e.g. spouse). More 
details of the interview are described by Kindermans et al. (19, 20). The HSQ is a 
valid and reliable instrument to measure self-discrepancies (12). 
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2.2.3. Activity-related behaviour style 
To measure a patients’ activity-related behaviour style, first the level of physical 
activity in daily life was assessed using a tri-axial accelerometer (RT3; Stayhealthy 
Inc., Monrovia, USA). Subjects were instructed to wear the RT3 during waking hours 
for 14 consecutive days. The accelerometer was not worn during water-based ac-
tivities (e.g. swimming, taking a shower), or in case of potential damage to the 
equipment (e.g. contact sports). The tri-axial accelerometer is a valid instrument for 
the measurement of physical activity in daily life in patients with LBP (31). More 
details of the signal processing are reported in Huijnen et al. (18). In accordance 
with the latter study, three activity-related characteristics were calculated to repre-
sent a person’s activity-related behaviour style (18): 
Daily uptime 
Daily uptime, representing the period (in min) between getting up and going to 
sleep, was identified using a predefined algorithm (18). 
Mean total activity score 
The original non-filtered signal data were used to calculate the mean total activity 
score (activitymean) expressed as the mean number of counts per day (18, 30). 
Fluctuations in activity 
For every patient a fluctuation score was calculated based on difference scores 
between the total number of counts per 15 minutes. These difference scores were 
squared and subsequently a mean value was calculated. Finally, the root from this 
mean value was taken to express the level of activity fluctuations over time (fluctua-
tionsact) (18). 
 
For the present study two different parameters were used to index a patient’s activ-
ity-related behaviour style: 
Daily uptime. Our earlier study found this to best represent activity-related be-
haviour (18). Higher scores indicate a characteristic of persistence behaviour 
whereas a lower score indicate a characteristic of avoidance behaviour. 
A linear combination of the three activity-related characteristics daily uptime, 
activitymean, and fluctuationsact. Factor analyses showed that all three variables 
loaded on the first factor, called “activity-related style”, explaining 68% of the vari-
ance. The factor loadings of this factor are: activitymean (0.95), fluctuationsact (0.87), 
and daily uptime (0.61). Higher scores indicate a characteristic of persistence behav-
iour, whereas lower scores indicate a characteristic of avoidance behaviour. To 
evaluate whether changes in activity-related style overtime are related to self-
discrepancies, disability, or quality of life, the factor loadings from a factor analysis 
of activitymean, fluctuationsact and daily uptime at T1 were multiplied by the stan-
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dardized scores of activitymean, fluctuationsact and daily uptime at T2. These scores 
were subsequently summed, resulting in an activity-related style variable at T2. 
2.2.4. Depressive symptoms 
Depressive symptoms are assessed by the Beck Depression Inventory II (BDI-II) (BDI-
II; 11). The questionnaire has good psychometric properties and is a valid question-
naire to measure the severity of depression in patients with chronic pain (11, 13). 
2.2.5. Habitual physical activity in daily life 
To assess the level of daily life activities during the last year the Baecke Physical 
Activity Questionnaire (BPAQ) is used (2). Three indices of habitual physical activity 
can be derived: the occupational activity index; the sport activity index and the 
leisure time index. The reliability of the BPAQ in patients with LBP appears to be 
sufficient (22). 
2.2.6. Disability 
Low back disability is assessed by using the Roland Disability Questionnaire (RDQ) 
(26, 27). The Dutch version of the RDQ has a high reproducibility and validity and is 
responsive to change (5, 9, 21). 
2.2.7. Health-related quality of life 
The RAND 36-item Health survey (RAND-36; 28) is used to measure health-related 
quality of life. The questionnaire comprises a physical and mental health compo-
nent. Both components comprise four subscales. The physical health component 
comprises physical functioning, physical role limitations, general health perception, 
and pain subscales. The mental health component comprises social functioning, 
emotional role limitations, mental health, and vitality subscales. A ninth subscale 
‘health change’ does not belong to one of the components. Responses to the items 
are given on a three or six point Likert scale, or with ‘yes’ or ‘no’, depending on the 
subscale. Psychometric properties of the RAND-36 are satisfactory (28, 29). 
2.3. Procedure 
Prior to participation, all subjects were informed about the purpose of the study 
and signed a consent form. At inclusion (T1) and after 6 months (T2), an identical 
assessment procedure was performed. Participants completed the self-report 
measures in either a paper-based or internet-based questionnaire. During a 14 day 
measurement period patients carried an accelerometer to measure physical activity 
in daily life. 
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2.4. Data analysis 
To test the first hypothesis, the associations between the three self-discrepancies 
and the characteristics of activity-related behaviour were evaluated by means of a 
linear regression model using daily uptime as the dependent variable. In the first 
step of the analysis we controlled for age and gender, and, in addition in the second 
step for pain duration and pain intensity, whereas in the third step each type (ideal, 
ought, and feared self) of self-discrepancy from both perspectives together (own 
and other separately) were separately introduced as independent variables (20). In 
addition, identical models were evaluated with the previously defined activity-
related style factor as dependent variable. 
In order to study our second hypothesis and to evaluate whether changes in 
self-discrepancies and changes in activity-related characteristics over time are asso-
ciated, a two-level hierarchical linear regression analysis was performed. In multi-
level modelling, the repeated observations (in this model the self-discrepancies and 
activity-related style or daily uptime) are presented as Level 1 units. These observa-
tions are organized within Level 2 units, which constitute persons. This method 
accounts for the level of variation both within and between patients. In the first 
three models, daily uptime was introduced as dependent variable and the different 
self-discrepancies (actual-ideal (1), actual-ought (2), and actual-feared (3)) both 
from the own and other perspective, age, and gender were consecutively intro-
duced as independent variables. In addition, to evaluate whether changes in activ-
ity-related style were associated with changes in self-discrepancies, activity-related 
style was introduced as dependent variable and the different types of self-
discrepancies, age and gender were introduced as independent variables. 
Furthermore, to evaluate the third hypothesis three regression analyses were 
performed to predict disability (RDQ), physical, and mental health-related quality of 
life. Daily uptime was introduced as the independent variable in the third step, 
while controlling for age and gender in the first step and pain duration and pain 
intensity in the second step. In addition, because both a low and high daily uptime 
were hypothesized to be associated with higher disability levels and lower physical 
and mental health-related quality of life in the fourth step a quadratic association 
was introduced. To calculate this, the standardized daily uptime score was squared 
and added in the fourth step of the three regression models. To test whether activ-
ity-related-style predicts disability, physical and mental health-related quality of life 
three identical models were evaluated. In the third step, instead of daily uptime, 
activity-related style was introduced. To evaluate the quadratic association, the 
standardized activity-related style was first squared and then added in the fourth 
step. 
In order to test the fourth hypothesis, to evaluate if changes in perceived dis-
ability and health-related quality of life (physical and mental) are associated with 
changes in characteristics of persistence or avoidance behaviour, firstly the median 
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score of daily uptime and activity-related style at T1 was calculated. Then, based on 
the median score, patients who scored above the median score were identified as 
showing more persistence behaviour at T1 whereas a score lower than the median 
score was interpreted as showing more avoidance behaviour at T1. Subgroups were 
formed because a low score and high score on daily uptime and activity-related 
style, as a characteristic of avoidance or persistence behaviour, were both assumed 
to be related to disability and quality of life. Therefore, in patients who were already 
showing more avoidance behaviour at T1, an increase in daily uptime or activity-
related style was hypothesized to be related to a decrease in disability and an in-
crease in physical and mental health-related quality of life. In contrast to patients 
who showed more avoidance behaviour at T1, in patients who already showed 
more persistence behaviour at T1, an increase in physical and mental health-related 
quality of life was hypothesized to be related to an increase in disability and a de-
crease in physical and mental health-related quality of life. For both subgroups 
three two-level hierarchical models were fitted with daily uptime as independent 
variable and three identical models with activity-related style as independent vari-
able. Disability (1) and the physical (2) and mental (3) health-related quality of life 
subscales were the dependent variables. All statistical analyses were performed 
using SPSS software version 16 (SPSS Inc. Chicago, Ill.). 
3. Results 
One-hundred-sixteen patients were included in this study. No significant differences 
in gender, duration of complaints, work status, pain intensity, and disability level 
were found between the group of participants entering the study after referral by 
consultants in rehabilitation medicine and those that were included after respond-
ing to an advertisement. However, patients who responded to the advertisement 
were significantly older (53.3 years, SD = 9.0) compared to patients directly referred 
by their consultant in rehabilitation medicine (age = 44.6 years, SD = 10.3). 
Nine of the 116 patients included refused to participate in the accelerometer 
assessment at T1. Seven patients who carried an accelerometer had an invalid activ-
ity score caused by failure of the RT3. In addition, accelerometer registrations of 
three patients could not be used for further analyses, because the signal to noise 
ratio was too low. For the remaining 97 patients data were processed and the 
length of the daily registration of the accelerometer was evaluated. For 84 patients 
an accelerometer registration that fulfilled all pre-determined criteria for activity 
assessment was available. Data of these patients were used in the regression mod-
els in the baseline analyses. In addition, of these 84 patients 4 patients did not com-
plete the HSQ-interview. No disability score at T1 was available for 4 patients and 5 
patients did not complete the RAND-36 to measure health-related quality of life. 
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Of the 84 patients with a valid activity assessment at T1, 21 refused to participate at 
T2. In addition, 11 patients who carried the accelerometer at T2 had an invalid activ-
ity score caused by failure of the RT3. For the remaining 52 patients data were 
processed and evaluated in order to be used in repeated-measures analyses. Activ-
ity assessment of three patients did not fulfil the predefined selection criteria. Data 
of the remaining 49 patients were used in the two-level hierarchical linear regres-
sion models. 
  
Figure 2:  Flow chart 
 
• 21 patients withdrew from T2 measurement and 11 patients had an invalid RT3 score at T2 
(9 patients caused by failure of the RT3 and of 2 patients RT3 accelerometer got lost during 
the post delivery process)
116 Patients with CLBP
107 Patients with CLBP
97 Patients with CLBP
• 13 Patients did not meet the pre-determined selection criteria for a valid 
accelerometer registration (5 days, including 1 weekend day) at T1
84 Patients with CLBP
With a valid T1 physical activity in 
daily life measurement
52 Patients with CLBP 
49 Patients with CLBP
With a valid T1 and T2 physical 
activity in daily life measurement 
• Included patients in cross-sectional analysis
• 3 Patients did not meet the pre-determined selection criteria for a valid accelerometer 
registration at T2 (5 days, including 1 weekend day)
• 9 patients withdrew from daily life measurement at T1
• 10 patients had an invalid RT3 score at T1
• Included patients in longitudinal analysis
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Table 1 presents the characteristics of the 84 patients with a valid activity assess-
ment at T1 and the characteristics of the 49 patients with a valid activity assessment 
at T1 and T2. In addition, of these 49 patients 2 patients did not complete the HSQ 
interview and no disability score was available for 2 patients. Furthermore, 3 pa-
tients did not complete the RAND-36 to measure health-related quality of life. Age, 
gender, work status, disability level, and pain intensity were not significantly differ-
ent between patients who were included in the longitudinal analyses and patients 
who did have a valid T1 assessment, but had no valid T2 assessment. However, 
patients who were included in the longitudinal analysis reported a more depressed 
mood (Mann-Whitney test; Z = -2.03, P = 0.043) compared to patients who only had 
a valid T1 assessment. 
 
Table 1:  Characteristics of the study population of patients with CLBP with a valid activity assessment 
at T1 
 Valid T1 
activity assessment 
Valid T1 and T2 activity 
assessment 
Male/Female (N) 45/39 26/23 
Age (years) 47.5 (10.5) 47.8 (10.9) 
Work status (N and percentage)   
- Paid job 41 (49 %) 18 (38 %) 
- Sick leave  4 (5%) 2 (4%) 
- Disability payment  13 (16%) 7 (15%) 
Disability level (RDQ *)  11.5 (4.4) 12.2 (4.1) 
Depression (BDI-II **)  11.0 (7.0 -17.0) 13.0 (8.0 -19.3) 
Habitual activity level (BPAQ***)  8.7 (1.7) 8.7 (1.3) 
Normally distributed data are represented by a mean score (SD) 
Not normally distributed data are represented by a median score (interquartile ranges) 
*RDQ = Roland Disability Questionnaire, **BDI-II = Beck Depression Inventory II, ***BPAQ = Baecke 
Physical Activity Questionnaire 
3.1. The association between self-discrepancies and objectively registered 
activity-related style characteristics 
Table 2 presents the outcome of the regression models with daily uptime as de-
pendent variable and the self-discrepancies as independent variables. No significant 
associations were found that could explain a significant amount of variation in daily 
uptime and, in addition, no type of self-discrepancy was associated with daily up-
time. 
Table 3 presents the results of the analysis performed with activity-related style 
variable instead of daily uptime. Results show that male patients had a higher score 
on activity-related behaviour style, indicating that men show more persistence 
behaviour. In addition, it was found that in two models a significant amount of 
variation in patients’ activity-related style could be explained. The ideal-other dis-
crepancy was found to be the only significantly associated self-discrepancy (β = - 
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0.31, p = 0.03; R² = 0.19, p = 0.04), indicating that patients who were close to the 
ideal-other, show more characteristics of persistence behaviour. In the analysis in 
model 3c, it appeared that the addition of the feared-own and feared-other dis-
crepancy to model 2 leads in the third step to a model that could significantly ex-
plain the activity-related style (R2 = 0.18, p = 0.05), although the separate discrepan-
cies did not contribute significantly to the model. 
 
Table 2:  Hierarchical regression analyses for self-discrepancies predicting daily uptime while control-
ling for socio-demographic and pain-related variables (N = 80) 
Dependent Blocks Variables B SE B β R2 F p  
Age .17 .91 .05 .02 .73 .49 1 
Gender -22.07 18.44 -.15    
Pain duration -.09 .09 -.13 .06 .94 .45 2 
Mean pain intensity -.63 .55 -.14    
Ideal-own 3.95 2.57 .22 .10 1.18 .33 3a 
Ideal-other -4.03 2.53 -.23    
3b Ought-own -.36 2.51 -.21 .06 .61 .72 
 Ought-other .36 2.48 .21    
3c Feared-own 4.62 2.76 .28 .12 1.41 .23 
Daily uptime  
 Feared-other -.38 2.89 -.02    
 
Table 3:  Hierarchical regression analyses for self-discrepancies predicting activity-related style while 
controlling for socio-demographic and pain-related variables (N= 80) 
Dependent Blocks Variables B SE B β R2 F p  
Age -.00 .01 -.04 .08 2.66 .08 1 
Gender -.54 .24 -.27*    
Pain duration -.00 .00 -.15 .12 2.20 .08 2 
Mean pain intensity -.01 .01 -.17    
3a Ideal-own .04 .03 .16 .19 2.35 .04* 
 Ideal-other -.07 .03 -.31*    
3b Ought-own .01 .03 .03 .12 1.43 .22 
 Ought-other -.00 .03 -.01    
3c Feared-own .05 .04 .24 .18 2.29 .05* 
Activity-related style 
(activitymean, fluctua-
tionsact, and daily 
uptime) 
 Feared-other .01 .04 .03    
* p ≤ 0.05 
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3.2. The association between self-discrepancies and objectively registered 
activity-related style characteristics over time 
The change in a person’s daily uptime, appeared to be significantly associated with 
the change in discrepancy between the actual and ideal self from the own perspec-
tive (β = 0.26, SE = 0.13, p = 0.04). Patients whose actual self becomes further away 
from their ideal self will have an increase in their daily uptime, whereas patients 
who become closer to their ideal self from their own perspective will have a de-
crease in daily uptime. In addition, a trend was found for the association between 
the actual-ideal discrepancy from the other perspective and daily uptime (β = - 0.22, 
SE = 0.13, p = 0.09). No other significant associations for daily uptime were found. 
No significant associations were found between changes in patient’s activity-
related style and either one of the three types of self-discrepancies (the discrepancy 
between the actual and ideal, ought, and/or feared self). 
3.3. The association between disability, health-related quality of life and 
objectively registered activity-related style characteristics 
Table 4 presents the outcome of the regression models with disability, physical and 
mental health-related quality of life as dependent variable and daily uptime (3a, 4a) 
and activity-related style (3b, 4b) as independent variables. In the first block con-
trolling was done for age and gender. In the second block pain duration and pain 
intensity were controlled for. Pain intensity was positively associated with disability 
(β = 0.52, p < 0.01), and negatively associated with physical (β = -0.56, p < 0.01) and 
mental health-related quality of life (β = - 0.42, p < 0.01). In addition, an increase of 
age was associated with a higher score on physical (β = 0.34, p < 0.01) and mental 
health-related quality of life (β = 0.24, p = 0.05). However, no significant associa-
tions were found between daily uptime or activity-related style and disability, physi-
cal or mental health-related quality of life. 
3.4. The association between disability, physical, and mental health-related 
quality of life and activity-related style characteristics over time 
To test the hypotheses that both avoidance and persistence behaviour are associ-
ated with higher disability levels and a diminished quality of life over time, sub-
groups had to be formed first. Avoiders were defined based on a lower daily uptime 
or activity-related style score then the median score of the total group at T1, 
whereas persisters were defined based on a higher daily uptime of activity-related 
style score. In patients characterized as avoider an increase in daily uptime pre-
dicted an increase in mental health-related quality of life (β = 0.62, SE = 0.25, p = 
0.02; -2LL= 98.16). This indicates that patients characterized as avoider, who have 
an increase in daily uptime, show an increase in mental health-related quality of life, 
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whereas patients who have a decrease in daily uptime show a decrease in perceived 
mental health. No other significant associations were found explaining changes in 
the disability level or physical or mental health-related quality of life for both sub-
groups. 
 
Table 4:  Hierarchical regression analyses for daily uptime and activity-related style predicting disabil-
ity, physical and mental health-related quality of life while controlling for socio-
demographic and pain-related variables 
Dependent Blocks Variables B SE B β R2 F p  
Age -.06 .05 -.15 .04 1.28 .29 1 
Gender -1.01 1.01 -.12    
Pain duration .00 .00 .04 .31 7.36 .00** 2 
Mean pain intensity .13 .03 .52**    
3a Daily uptime -.01 .00 -.16 .33 6.51 .00** 
4a Daily uptime2 -.23 .42 -.06 .33 5.41 .00** 
3b Activity-related style  -.48 .44 -.12 .32 6.14 .00** 
Disability (RDQ) 
(N = 80) 
4b Activity-related style2 -.20 .27 -.10 .32 5.17 .00** 
Age 2.43 .79 .34** .14 5.44 .01** 1 
Gender 20.94 16.18 .15    
Pain duration -.04 .06 -.06 .45 13.46 .00** 2 
Mean pain intensity -2.40 .39 -.56**    
3a Daily uptime .01 .09 .01 .45 10.61 .00** 
4a Daily uptime2 .91 6.49 -.01 .45 8.72 .00** 
3b Activity-related style -2.17 6.73 -.03 .45 10.64 .00** 
Physical QOL 
(N = 79) 
4b Activity-related style2 -1.87 4.12 -.05 .45 8.80 .00** 
Age 1.88 .92 .24* .06 2.28 .11 1 
Gender 13.32 18.85 .08    
Pain duration -.14 .08 -.19 .27 6.21 .00** 2 
Mean pain intensity -2.05 .51 -.42**    
3a Daily uptime .03 .11 .02 .27 4.91 .00** 
4a Daily uptime2 .55 8.32 .01 .27 4.03 .00** 
3b Activity-related style -9.27 8.57 -.12 .28 5.22 .00** 
Mental QOL  
(N = 79) 
4b Activity-related style2 .89 5.24 .02 .28 4.29 .00** 
* p ≤ 0.05, ** p<0.01. 
Activity-related style contains activitymean, fluctuationsact, and daily uptime 
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4. Discussion 
This study aimed to evaluate whether self-discrepancies are associated with activ-
ity-related behaviour and whether changes in self-discrepancies over time are asso-
ciated with changes in activity-related behaviour of patients with CLBP. Further-
more, the aim was to evaluate whether avoidance and persistence behaviour is 
associated with a higher disability level and a diminished quality of life and whether 
changes in avoidance and persistence behaviour results in changes in disability and 
quality of life. 
It appears that only the actual-ideal discrepancy from the other perspective is 
related to a person’s activity-related style. Patients who feel close to the ideal-
other, show more characteristics of persistence behaviour. In addition, a trend was 
found that a change towards the ideal-other is associated with an increase in daily 
uptime. This could imply a shift to an activity-pattern that is characterized by a 
higher level of persistence behaviour. These findings are partly in line with the find-
ings of a recent study of Kindermans et al., who found that patients who felt either 
close or far away from the ideal-other show persistence behaviour (20). Maybe 
patients strive to be the ideal person out of the perspective of others and thus try to 
fulfil all daily life goals to be the ideal person for the people around them. To 
achieve this, they have a longer daily uptime, in order to reach a decrease in the 
discrepancy between the actual and ideal self from the other perspective. 
For the actual-ideal discrepancy from the own perspective a different picture 
emerged. In line with the hypothesis, a change in discrepancy in which a person 
moves further away from the ideal self was associated with an extension of their 
daily uptime. This indicates a shift towards an activity pattern that is characterized 
by a higher level of persistence behaviour. This may explain the activity-related 
behaviour of the so-called endurance copers subgroup in the avoidance-endurance 
model (14, 15). In order to complete their tasks, endurance copers will work until 
physical overexertion, resulting in a physical overload with an increased pain inten-
sity as a result (15). Probably this task completion may result in an extension of their 
daily uptime to finish all their activities. 
The hypothesized associations between the actual-ought discrepancy and per-
sistence behaviour and the actual-feared discrepancy and avoidance behaviour 
could not be confirmed in the current study. Yet, Kindermans et al. found that the 
actual-feared discrepancy from the own perspective was the most prominent dis-
crepancy in the association with self-reported avoidance behaviour (20). This is in 
line with the fear-avoidance model, which states that fear of movement leads to 
avoidance behaviour, characterized by a lower daily life activity level (32). However, 
based on objective activity-related outcomes in the current study the association 
between the actual-feared discrepancy and avoidance behaviour could not be repli-
cated. This might be due to the distorted estimation of a patient’s own daily life 
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functioning (17). Evaluating the associations between self-discrepancies and activ-
ity-related behaviour in patients with CLBP based on the results of the current study 
and the study of Kindermans et al., it could be concluded that limited evidence is 
found that confirms the hypothesized pathways from self-discrepancies to persis-
tence and avoidance behaviour. A possible reason for this could be that in the cur-
rent study self-discrepancies are measured as specific personality attributes and not 
specified in the domain of activities in daily life functioning (19). An attribute men-
tioned for the ought self was, for example, “being friendly”. Moderating and medi-
ating steps between the attributes, for example in the interpersonal attributes cate-
gory, and activity-related behaviour have not been explored yet. When a patient 
mentions attributes in the domain of physical, emotional and psychological well-
being, it was found to be related to disability (19). The attributes in this domain 
were most frequently mentioned for the ideal self (19). This might be an explana-
tion why only the actual-ideal discrepancies are found to be related to the actual 
behaviour in the present study and the study of Kindermans et al. (20). 
An intriguing finding is that in patients with CLBP characterized as avoiders, a 
decrease in daily uptime is associated with a decrease in mental health-related 
quality of life. Huijnen et al. found that uptime is a potential differentiating factor 
between persistence and avoidance behaviour (18). In patients who already have a 
lower than average daily uptime and thus seem to show more avoidance behaviour, 
a further decrease is related to decrease in mental health-related quality of life. 
However, no association between persistence behaviour and mental health-related 
quality of life are found. Furthermore, no associations are found between character-
istics of avoidance and persistence behaviour and disability and health-related qual-
ity of life. Although other studies found an association between disability and the 
self-reported activity level (7, 23), the association between a patients’ disability 
level and the objectively assessed mean daily life activity level is rather low (23, 30, 
31). Both low and high levels of daily life activity, as included in activity-related 
style, have been assumed to be related to disability. That might be an explanation 
for the low or non-existent associations between physical activity in daily life and 
disability in earlier research. Therefore, in the present study, a higher disability level 
in both persistence and avoidance behaviour was hypothesized. However, no sig-
nificant quadratic term which could indicate a higher disability level in patients who 
show more persistence and avoidance behaviour, was found. One explanation for 
this may be the fact that patients with CLBP have difficulties estimating their own 
daily life activity level. Patients may experience their own daily life activity level as 
disabling, although their actual activity level is not related to his limitations in daily 
life functioning. In addition this perception is influenced by the daily life activity 
level before the onset of pain and depressed mood (17, 30). 
In the current study, daily uptime and activity-related style were used as two 
objectively assessed outcome measures to represent activity-related behaviour. In 
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an earlier study, daily uptime could differentiate between avoidance and persis-
tence behaviour; a higher daily uptime appeared to be a characteristic of persis-
tence behaviour, whereas a lower daily uptime represented avoidance behaviour 
(18). To reduce the three activity-related characteristics, one factor was identified 
from the patients’ daily uptime, mean daily life activity level, and fluctuations in 
daily life activities. Interpreting this factor, a higher score on this factor indicates a 
higher level of persistence behaviour, whereas a lower score indicates a higher level 
of avoidance behaviour. Whether uptime and activity-related style indeed provide 
the assumed representation of avoidance and persistence behaviour and whether 
this score is a continuum with avoidance behaviour at one extreme and persistence 
behaviour at the other extreme is currently not yet confirmed. However, till now, 
this is the first study clustering characteristics of the different activity-related styles 
in order to represent activity-related behaviour. 
One particular topic that should be mentioned as a limitation of the current 
study is the considerable number of drop-outs at T1 and T2. However, to our opin-
ion, it is of high importance to use strict selection criteria in order to obtain a valid 
representation of a patient’s daily life activities (17, 18). And since in the current 
study changes over time are studied, multiple assessments for every person are 
needed to be able to perform calculations. For 21 patients only one of the two as-
sessments was available, which resulted in an additional drop-out of patients in the 
repeated-measures analyses. However, as far as we know this is the first study that 
evaluates changes in a daily life activity level based on two objective assessments. 
At this moment it is not yet possible to formulate clinical implications. More re-
search is needed to further evaluate the hypothesized pathways and mediating and 
moderating processes between the pathways. So far, the theoretical evidence ex-
plaining the pathway from persistence and avoidance to disability and a diminished 
quality of life is scarce. Although the results are not conclusive, this study is one of 
the first that studies both pathways of activity-related behaviour. Future studies 
should confirm, further refine or decline the presented model. This can lead to a 
theoretical foundation which can be used to further develop a tailored treatment 
for patients with CLBP. 
Based on the results of the current study, in patients with CLBP the actual-ideal 
discrepancy from the other perspective is found to be related to characteristics of 
persistence behaviour. Patients, who have an increase in the ideal-own discrepancy, 
show also an increase in their daily uptime. In addition, an increase of a patients’ 
daily uptime in patients with CLBP characterized as avoider is associated with an 
increase in mental health-related quality of life. 
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10. General discussion 
10.1. Scope of this thesis 
In patients with CLBP avoidance behaviour has often been identified as a negative 
consequence of chronic pain. More recently, an additional activity-related behav-
iour style, defined as persistence behaviour, has been proposed. However, a model 
explaining both avoidance and persistence behaviour has not been developed. Be-
fore starting to research this, adequate assessment methods to identify both activ-
ity-related behaviour styles are needed. The main objective of this thesis has been 
whether we can identify different activity-related behaviour within the population 
of patients with CLBP and to explore whether the self-discrepancy model for chronic 
pain could offer an explanation for these individual differences in activity-related 
behaviour. This thesis is divided in three parts with three specific aims: 
1. To evaluate assessment methods to measure a patients’ activity-related 
behaviour during performance testing and in daily life situations. 
2. To identify specific characteristics in a person’s activity pattern reflecting 
his activity-related behaviour style (i.e. avoidance or persistence). 
3. To evaluate whether the self-discrepancy model for chronic pain can ex-
plain differences in activity-related behaviour styles. 
In this general discussion, first the main results presented in this thesis will be sum-
marized. In addition, knowledge will be integrated and discussed in relation to the 
current scientific evidence for each of the abovementioned topics. Then, methodo-
logical considerations are formulated, followed by the clinical implications. And 
finally, conclusions will be drawn. 
10.2. Assessment of activity-related behaviour 
The main aim of the topical review presented in chapter 2 was to discuss the influ-
ence of both physiological factors (age, gender, muscle strength, aerobic capacity, 
etc,) and non-physiological (environmental and psychological) factors on physical 
performance in patients with CLBP. In addition, the study presented in chapter 3 
was aimed at evaluating whether in patients with sub acute low back pain who 
overpredict activity-related pain, pain-related fear is associated with physical per-
formance. Moreover, it was evaluated whether patients who overpredict pain and 
have a higher level of pain-related fear during performance in the laboratory also 
show an activity decline in daily life activities. Based on the results of chapter 2 and 
3 it can be concluded that physical performance of patients with low back pain 
seems not only to be influenced by physiological factors. Although strongly depend-
ent on the type of performance, compared to pain-free volunteers, the influence of 
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psychological factors, like fear of movement during physical performance, seems 
more prominent in patients suffering from low back pain. 
The scientific literature currently available discussing the influence of psycho-
logical factors (e.g. fear of movement) on physical functioning in patients with 
chronic pain, is however not unequivocal. Whereas some studies indicate that pa-
tients scoring lower on physical performance tests due to fear of movement, can 
indeed be distinguished from those who function as healthy individuals (2, 11, 28, 
41), others found no influence of fear on functional capacity and maximum oxygen 
consumption in patients with pain (25, 29). This ambiguity in scientific evidence may 
have two reasons. First, it has been discussed in chapter 2 that the extent to which 
both physiological and psychological factors contribute to the eventual test out-
come strongly depends on the type of performance test used. The outcome of a 
(sub)maximal exercise test is mainly influenced by physiological factors and thus 
best represents a person’s maximum level of physical performance defined as one’s 
physical capacity. However, during performance of a holding endurance task psy-
chological factors are more important and the outcome seems more influenced by a 
person’s behaviour. Therefore in studies evaluating the influence of fear of move-
ment while using a physical performance task in which the influence of psychologi-
cal factors is not prominent (e.g. (sub)maximal exercise testing and in a functional 
capacity evaluation), the association between test outcome and the patient’s fear to 
move is expected to be limited. 
Second, non-physiological factors may reinforce each other and therefore result 
in a lower test performance. Chapter 3 describes the moderating effect of a pa-
tient’s pain prediction in the association between fear of movement and physical 
performance in patients with sub acute low back pain. Patients were classified 
based on their ability to accurately predict their level of activity-related pain. It 
appeared that in “overpredictors”, in contrast to “correct predictors”, fear of 
movement was negatively associated with performance. Classifying patients, for 
example based on correct and overprediction of activity-related pain, may reveal 
the negative influence of pain-related fear in a subgroup of patients. This classifica-
tion may even reveal the negative influence of fear of movement on a physical per-
formance task which is aimed to represent a patient’s physical capacity (as in 
(sub)maximal exercise testing and in a functional capacity evaluation). However, 
early test termination in patients with higher scores on fear of movement may ob-
scure the association between fear of movement and physical performance. 
The hypothesis that higher pain-related fear levels are associated with lower 
physical activity levels, as presented in chapter 3, was only partly confirmed. Al-
though patients with a higher level of pain-related fear who overpredict their activ-
ity-related pain during test performance in a laboratory setting did show a lower 
test outcome, their higher level of pain-related fear appeared to be positively asso-
ciated with a the objectively measured daily life activity level. A possible explanation 
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for this may be that patients who overpredict activity-related pain and are more 
afraid may apply alternative activities to reach their goals. For example, a patient 
may avoid cycling and will choose an alternative activity (e.g. walking) that necessi-
tates even more energy. This assumption is in accordance with the influence that 
fear of movement has in the alteration of the activity pattern in patients with sub 
acute low back pain (32). In this study of Thomas et al. motion of the thoracic spine, 
lumbar spine, and hip were recorded during reaching for three targets. It appeared 
that patients with a higher level of pain-related fear used a different strategy during 
movement compared to patients with a lower level of pain-related fear; they 
avoided motion of their lumbar spine (32). Moreover, in the study of Al-Obaidi et al. 
a higher level of pain-related fear was associated with a lower comfortable speed 
(2). It is hypothesized that patients with low back pain who fear an increase in pain 
show altered and less efficient movement patterns in order to prevent pain. Due to 
this, patients with CLBP execute daily life performances less efficient as compared 
to healthy people. The optimal way to test this assumption would be to test differ-
ences in energy expenditure during performance testing using measurement tech-
niques such as gas exchange measurements. Whether next to fear of movement 
also other psychological factors such as pain catastrophizing and self-efficacy could 
ultimately lead to less efficient energy expenditure and whether energy expenditure 
is also different between patients applying avoidance or persistence behaviour 
should be further explored. 
In order to be able to identify different activity-related styles in future studies, it 
is important to unravel the influence of both physiological and psychological factors 
on physical performance. Measurement techniques like the interpolated twitch 
technique and surface EMG may discern the individual influence of both physiologi-
cal and psychological factors during performance testing and are necessary to con-
firm whether deconditioning or sub-maximal performance will influence test out-
come most. For this purpose, Verbunt et al. used an interpolated twitch technique 
during isometric quadriceps muscle strength testing in patients with CLBP (41). This 
measurement technique allows differentiation between the impact of physiological 
and psychological factors during muscle strength testing. The reason of a patient to 
stop during muscle strength performance can be investigated using surface elec-
tromyography (EMG). This technique may reveal whether a shift to median fre-
quencies in the lower frequency part of the spectrum is present, indicating physio-
logical muscle fatigue (6, 24, 26). This technique may specify the extent to which 
physical fatigue contribute to test termination. As far as we know in patients with 
CLBP no study has evaluated the reason behind quitting a performance test. It may 
be assumed that a patient will terminate the test either due to fatigue or due to the 
influence of psychological factors that will force him to terminate the test before 
fatigue is reached. In patients applying different activity-related behaviour styles 
distinct reasons for quitting a performance test are hypothesized. We hypothesize 
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that patients with CLBP, who have an activity-related style characterized by fear to 
move, will have a lower level of EMG registered fatigue at test termination repre-
senting that muscle strength performance is at a sub-maximal level at the moment 
of test termination. In patients who persist in activities, the level of EMG registered 
fatigue reached at the moment of test termination will be higher, indicating that 
muscle strength testing was performed at a level close to or even at the maximal 
level of performance of the individual. We hypothesize that after controlling for age, 
gender, and body mass, patients with persistence behaviour will show higher levels 
of muscle strength performance compared to patients who avoid activities. Our 
future studies will evaluate the formulated hypothesis in experimental studies in 
patients with CLBP. 
In Chapter 4 an overview of self-reported and objective measurement tech-
niques for assessing physical activity in daily life in patients with musculoskeletal 
pain were presented. Based on this review, it has been concluded that regarding 
patients with musculoskeletal pain currently only limited evidence is available on 
psychometric properties of instruments for physical activity assessment. For pa-
tients with CLBP, the association between their perceived daily life activity level and 
the actual level of daily life activities is rather low, (20, 39). In Chapter 5 it has been 
found that especially patients with CLBP, who feel more depressed, underestimate 
their actual daily life activity level. Based on the results of chapter 4 and 5 and the 
evidence currently available, it is recommended to evaluate a patient’s daily life 
activity level with an objective registration tool. But in addition, a further consensus 
for activity assessment in chronic pain seems recommendable. 
10.3. Identification of subgroups based on activity-related behaviour 
As described in the introduction of this thesis, one of the most prominent models to 
explain disability in patients with CLBP is the fear-avoidance model (46). Although 
the role of fear-avoidance has been confirmed in a wide range of patients with pain 
(21), this model may not be applicable for all patients suffering from CLBP. There 
seems to be a subgroup of patients who, although they feel disabled, have a daily 
life activity level comparable to healthy volunteers (34, 40, 43). Clinicians assume 
that, next to avoidance behaviour, there may be an alternative activity-related style, 
characterized by persistence in activities. ‘Persisters’ tend to continue their activi-
ties despite pain, until completion is reached. After activity completion, pain will 
increase, which in turn will force persisters to take rest until pain subsides (3, 13). In 
persisters these activity fluctuations are discernable as a saw-tooth pattern in a 
multiple day activity registration. Several scientific models did already propose this 
additional activity-related style, characterized by persistence in activities despite 
pain (14, 15, 36, 47). 
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Whether activity fluctuations over time, as a possible characteristic of persistence 
behaviour, are related to the disability level was evaluated in chapter 6. Results 
showed that, besides pain intensity, fluctuations in the daily life activity level in-
stead of the mean activity level were significantly associated with the level of dis-
ability. These results may support the existence of a subgroup of persisters by show-
ing that some patients have fluctuating levels of daily life activities and that these 
fluctuations are associated with feeling or being more disabled in daily life function-
ing. 
In chapter 7 activity-related characteristics of patients with different activity-
related behaviour styles, classified on their scores on the Patterns of Activity Meas-
ure-Pain (POAM-P), were identified. Patients scoring high on the avoidance subscale 
and low on the persistence subscale were classified as avoider and patients scoring 
high on the persistence subscale and low on the avoidance subscale as persister. In 
addition, patients scoring high on both the avoidance and persistence subscale were 
classified as mixed performer and patients who scored low on both subscales were 
classified as functional performers. Results showed that avoiders, persisters, and 
mixed performers felt more disabled than functional performers. Moreover, avoid-
ers and mixed performers felt more disabled than persisters. Furthermore, persis-
ters reported a higher level of daily life activities in self report and presented a 
longer daily uptime in objective assessment compared to avoiders. The objectively 
measured total level of physical activity however, did not differ between persisters 
and avoiders. A higher self-reported daily life activity level was followed by a pain 
increase in persisters, whereas no such association was found in avoiders. 
Just recently, a first study explored the underlying dimensions of persistence 
behaviour by using various self-reports measuring persistence behaviour and identi-
fied three different types: task-contingent persistence (completing activities despite 
pain), pain-contingent persistence (performing activities is determined by pain), and 
excessive persistence (doing too much, not respecting one’s physical limits and 
experiencing the rebound effect of heightened activity levels) (19). Excessive persis-
tence was the only type of persistence behaviour that was found to be related to 
disability and depression. A remarkable finding was the negative relation between 
task-contingent persistence behaviour and a patient’s disability level (19). As dis-
cussed in chapter 7, a possible reason for the finding that some persisters report a 
lower disability level might be that the currently used disability questionnaires es-
pecially focus on avoidance-related disability instead of persistence-related disabil-
ity. For example, items in the Roland Disability Questionnaire (RDQ) such as “I avoid 
heavy jobs around the house because of my back” and “I sit down most of the day 
because of my back” are items that a patient scoring high on task-contingent persis-
tence will probably not affirm. In addition, the ability to participate in essential daily 
life activities, as measured with the Pain Disability Index, used in the study of Kin-
dermans et al. (19), will be scored differently by patients applying excessive persis-
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tence than by those applying task-contingent persistence. Patients applying task-
contingent persistence behaviour probably will still perform these activities despite 
pain and hence the experienced disabilities in daily life functioning are not so 
prominent as in patients applying excessive persistence. It would be of interest to 
identify these different types of persistence behaviour in the sample of patients in 
the study presented in chapter 7. However, we used the POAM-P used to identify a 
patient’s activity-related behaviour style and the persistence subscale of this scale 
contains only items covering task-contingent and pain-contingent persistence, re-
spectively and no items regarding excessive persistence making the differentiation 
impossible. More research of the different types of persistence behaviour is rec-
ommended. 
Avoidance and persistence behaviour are often assumed as two opposite activ-
ity-related styles. For example in a study in patients with fibromyalgia, patients 
were categorized as persisters and avoiders based on their scores on avoidance 
behaviour measured by the 5-item scale “resting when in pain” of the Pain Coping 
Inventory and a judgment of a therapist (37, 38). Results of chapter 7 however, 
showed that in our study a substantial number of patients scored high on both 
avoidance and persistence behaviour. This mixed performers category reported a 
lower daily life activity level, a higher level of depressed mood, showed more limita-
tions in daily life functioning, fear of movement, and pain intensity than patients 
scoring both low on avoidance and persistence behaviour (the functional perform-
ers). Given the fact that a substantial number of patients show high avoidance and 
high persistence, it can be concluded that classifying patients in persisters and 
avoiders based on their score on avoidance behaviour might not be an adequate 
method. In clinical practice, these mixed performers report that they avoid some 
activities, whereas during other activities they will persist in activities despite pain. 
The underlying mechanism why patients sometimes avoid and sometimes persist is 
unknown and should be further explored. Knowledge on this theme will be useful in 
order to improve the treatment for patients applying this mixed activity-related 
style. 
The heterogeneity of activity-related styles within a population of patients with 
CLBP may influence the eventual association between the level of daily life activity 
and a patient’s self-reported disability level of this population. In a study of Lin et 
al., associations between activity and disability in different studies were systemati-
cally reviewed (22). The included meta-analysis showed a moderate, negative rela-
tionship between physical activity in daily life and disability in chronic but not in 
acute pain (22). However, in the interpretation of the results the quality of the as-
sessment instrument used was not taken into account. Almost all studies in which a 
person’s daily life activity level was assessed with an objective assessment instru-
ment could not confirm that a lower daily life activity level is related to a higher 
level of pain-related disability, whereas studies using self-reports to measure the 
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daily life activity level did indeed report a negative association between the daily life 
activity level and disability (4, 22, 27, 40, 42, 43). An explanation for this discrepancy 
in findings between studies in which subjective and objective measurement tools to 
assess physical activity were used might be that CLBP patients have difficulties esti-
mating their own daily life activity level (22). As reported in chapter 5 and in a re-
cent study of van Weering et al., the association between a patient’s estimation of 
his daily life activity level and their actual daily life activity level is rather low (39). 
The patients who are more depressed probably judge their activity level lower than 
their actual, objectively assessed, daily life activity level, which can influence the 
relation of physical activity with disability. Furthermore, patients’ perception of 
their current daily life activities seems to be based on their recollection of their 
activity level before they were in pain (42). 
As shown in chapter 7 persisters and avoiders may be characterized based on 
differences in objectively daily uptime and their self-reported daily life activity level. 
Both subgroups also felt more disabled in daily life functioning compared to patients 
classified as functional performers. Although avoiders perceive their daily life activ-
ity level as lower compared to persisters, the actual, objectively assessed character-
istics of daily life activities, such as the mean daily life activity level and fluctuations 
in activity, are not different. As mentioned earlier in this discussion, this discrepancy 
between the actual and perceived daily life activity level might be caused by a mis-
match between the perceived and actual daily life activity level. However, there 
might be an explanation why no differences in the actual daily life activity level and 
fluctuations in activity between persisters and avoiders were found. Patients classi-
fied as avoiders are especially prone to avoid specific activities or postures that they 
fear, but they might continue to perform other non-feared activities. Consequently, 
a decline in the general level of daily life activities may not be detected as it is sim-
ply not there. 
Although an accelerometry assessment is proven to be a valid method to assess 
daily life activities (43), this assessment method cannot identify specific activities 
and postures. A future challenge would be to identify specific postures and activi-
ties. As a result of the avoidance of specific fearful activities and postures, this might 
reveal that an avoider, in contrast to a persister, will have a different distribution of 
activities and postures over time. For future research, it is recommended to use an 
activity monitor, which will enable the identification of different types of activities 
and postures (34). For example, the distribution of active vs. passive pos-
tures/activities and the length of periods the patient is physically active during the 
day may further indentify characteristics of patients applying different activity-
related behavioural styles. 
Although several studies found similar objectively assessed mean daily life activ-
ity levels among patients with CLBP and healthy volunteers, the distribution of ac-
tivities over the day appeared to be different. Patients with CLBP were found to be 
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less physically active during the evening (27, 30, 40). As presented in chapter 7, 
patients classified as avoiders have a shorter period of daily uptime, compared to 
persisters. Whether this shorter daily uptime also means that in avoiders a lower 
activity level during the evening is present, seems plausible, but should be further 
explored. Regarding the results of persisters it can be concluded that persisters are 
active for a longer time period, but no information is available on the intensity of 
activities during the evening. It may be that, due to fatigue, the intensity of activities 
will decrease during the day resulting in a lower activity level in the evening. The 
additional information gathered with an activity monitor, may help to improve the 
differentiation between persisters and avoiders. This might result in a new diagnos-
tic tool for identifying a patient’s activity-related behavioural styles, which in turn 
may be helpful in choosing the optimal treatment for each individual patient. 
10.4. Adapted self-discrepancy model to explain persistence and avoidance 
behaviour 
The existence of persistence behaviour in chronic pain has been proposed in several 
models. Hasenbring and colleagues proposed the avoidance-endurance model (14–
16). This model describes that within the population of patients with CLBP, patients 
may apply different activity-related behaviour styles. In addition, van Houdenhove 
assumed the ergomania model, which postulates that hyperactivity in chronic pain 
is an expression of unfulfilled dependency needs, excessive bodily narcissism, and 
masochism (35–37). Furthermore, Vlaeyen and Morley proposed the mood-as-input 
model (47). This model postulates that a combination of mood and goal pursuit 
motivates patients to show avoidance and persistence behaviour. However, empiri-
cal evidence explaining the existence of avoidance and persistence behaviour in 
patients with CLBP is still lacking. 
Based on the Self-Discrepancy Theory of Higgins (17) a self-discrepancy model 
for chronic pain is proposed to explain underlying mechanisms and different activ-
ity-related behaviour styles in chronic pain. In the proposed self-discrepancy model 
for chronic pain it is hypothesized that actual-ideal and actual-ought discrepancies 
are associated with persistence behaviour, whereas actual-feared discrepancies are 
hypothesized to be associated with avoidance behaviour. Both avoidance and per-
sistence behaviour are expected to be related to higher disability levels and a dimin-
ished quality of life. Results of chapter 8 showed that the actual-feared discrepancy 
from the own and other perspective were both predictive of depressive and anxious 
mood. In contrast to the proposed model, the actual-ideal and actual-ought dis-
crepancies from the own and other perspective were not related to depressive 
mood or anxiety. These results are not in accordance with findings of Waters et al. 
who did find an association between depressed mood and the actual-ideal discrep-
ancy and distress and the actual-ought discrepancy (49). In addition, Goossens et al. 
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reported that in patients with work-related upper extremity pain a larger ought 
discrepancy and a smaller feared discrepancy were related to more depression and 
anxiety (10). 
In accordance with the self-discrepancy model of pain, in chapter 8 it was found 
that the feared-own discrepancy indeed was associated with the level of self-
reported avoidance-behaviour, as measured with the POAM-P. In addition, the 
actual-ideal self-discrepancy from the other perspective was associated with a per-
son’s level of persistence behaviour, whereas the actual-ought discrepancy was not 
associated with persistence behaviour. With respect to the association between the 
actual-ideal discrepancy from the other perspective and persistence behaviour a U-
Shaped association was found, indicating that patients who felt close and patients 
who felt far away from their ideal self both show persistence behaviour. Of interest 
was that self-reported avoidance, but not persistence behaviour, predicted a per-
son’s level of disability and quality of life. 
As described in chapter 4 and chapter 5 patients with CLBP have difficulties es-
timating their own daily life activities. It may be assumed that a patient’s perception 
of his self-reported activity-related behaviour which was assessed based on a ques-
tionnaire, is also subject to bias. In order to avoid this bias, in chapter 9, the type of 
a patient’s activity-related behaviour style was evaluated based on objective activ-
ity-related characteristics. This study evaluates whether self-discrepancies are asso-
ciated with the objectively registered activity-related characteristics and whether 
the associations in the self-discrepancy model are consistent over time. Results 
indicated that, in line with the self-discrepancy model and the results of chapter 8, 
patients with CLBP who feel close to their ideal-other show more characteristics of 
persistence behaviour. Over time, patients who move further away from their ideal-
own, also show an increase in the level of persistence behaviour. Furthermore, in 
patients who already have a lower than average daily uptime and have thus been 
characterized as avoider, a further decrease of daily uptime is related to an addi-
tional decrease in mental health-related quality of life. However, no association 
between persistence behaviour and mental health-related quality of life is found. 
In the current thesis, an association between self-discrepancies and negative 
emotions could indeed be confirmed. However the proposed associations between 
all different self discrepancies with specific emotions as has been found been in a 
study by Higgins and colleagues could not all be confirmed (17, 31). In addition, the 
hypothesized associations between the type of self-discrepancies and avoidance 
and persistence behaviour respectively, could not be confirmed unambiguously. A 
possible reason for this may be that self-discrepancies are higher order constructs 
measured at the be-level (e.g. being a good parent), in contrast to avoidance and 
persistence behaviour, which are lower order constructs at a do-level (5) A content 
analysis of self-discrepancies already showed that self-discrepancies contain general 
personality attributes and are not specified in the domain of activities in daily life 
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functioning. This confirms the conceptual distance between both constructs (5, 18). 
Possibly, influencing factors such as flexible goal adjustment, which was found to be 
a moderator in the association between self-discrepancies and emotions, might also 
influence the association between the type of self-discrepancy (being) and both 
activity-related behaviour styles (doing) (10). In the study of Kindermans et al. the 
general personality attributes were categorized in several domains (18). The domain 
of physical, emotional and psychological well-being was found to be related to dis-
ability. The attributes in this domain were most frequently mentioned for the ideal 
self (18). Whether this also is an explanation why the actual-ideal discrepancy was 
most frequently associated with persistence behaviour, should be further explored. 
Furthermore, the results regarding the association between persistence behav-
iour and disability and quality of life were not conclusive. Whereas a higher disabil-
ity level was found for persisters compared to patients showing both low avoidance 
and persistence behaviour (functional performers), no association between charac-
teristics of persistence behaviour and disability or quality of life were found. As 
mentioned earlier in the discussion, a possible reason for this finding might be that 
the current available disability questionnaires specifically focus on avoidance-
related disability instead of persistence-related disability. 
Future studies should verify the proposed model. This may lead to a refined 
theory-based model on activity-related behaviour in pain, which may be used to 
further develop a tailored treatment for patients with CLBP. 
10.5. Methodological considerations 
10.5.1. Drop-out of the daily life assessment 
In the studies using daily life assessments, described in chapter 5, 7 and 9, data of a 
considerable number of patients could not be used for further analysis. Several 
reasons could be identified explaining this high drop-out rate. Firstly, a daily life 
assessment with a diary and accelerometer could provide some burden for the 
participant. Secondly, due to technical problems data of an additional number of 
patients could not be used. Thirdly, the strict criteria we used for a valid assessment 
resulted in a further drop of the number of participants in the data analysis. To be 
included as a valid score on physical activity in daily life, at least 5 valid measure-
ment days, including 1 weekend day, had to be available (12, 33). In addition, a valid 
measurement day was defined as a registration period for at least 600 min (10 h). 
Due to these strict criteria, data of a high number of patients could not be used for 
analyses. To our opinion, it is however of high importance to use these strict criteria 
to ensure a valid representation of daily life functioning in order to be able to draw 
conclusions on the role of physical activity in chronic pain. 
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10.5.2. Methods of measurement 
In chapter 6, 7, and 8 new variables (e.g. daily uptime, fluctuations in activity, peak 
activity) in CLBP research were introduced based on the analyses of the diary and 
accelerometry data. For these data a Root Mean Square (RMS) score was calculated 
to reflect the intensity of activity fluctuations in daily life activities. Activity fluctua-
tions were hypothesized to be a characteristic of persistence behaviour. In addition, 
in chapter 7 and 9 based on the accelerometer assessment, daily uptime was calcu-
lated as a representation of the period (in min) between getting up and going to 
sleep and also in chapter 7 a score was calculated to express the highest peak inten-
sity of physical activity in the measurement period. These variables were introduced 
because they cover the hypothesized characteristics of avoidance and persistence 
behaviour. Although all these variables are new and no reference values are yet 
available, they will have an additional value, since no other outcomes representing 
characteristics of activity-related behaviour in daily life assessments are currently 
available. 
10.6. Implications for clinical practice 
10.6.1. Measuring physical functioning 
In clinical practice, the level of functioning of a patient with CLBP is often evaluated 
with a physical performance test. As described in the guidelines of the American 
College of Sports Medicine, appropriate test equipment and protocols are crucial to 
measure the patient’s level of physical capacity (1). Ideally, maximal exercise testing 
with gas analyses, heart rate and lactate measurements are used to determine 
whether a maximum performance is achieved. Because these methods are time-
consuming and expensive, this is not often applied in clinical practice (1, 7). 
Till now, in clinical practice, several performance tests have been used to esti-
mate a patient’s maximum physiological possibilities, but it seems questionably 
whether during testing the patient’s maximum physical performance is reached. In 
case a patient performed sub-maximally, a clinician might interpret the test result as 
a sign of physical deconditioning. However, as described in chapter 2, next to the 
physiological factors, also psychological factors and pain intensity can explain a 
lower performance level. Psychological factors, such as the level of avoidance be-
haviour, should therefore be measured also. This additional assessment provides 
information which is helpful to distinguish between deconditioning and sub maxi-
mal performance. 
Interpreting the difference in outcome on a performance test as treatment ef-
fect might be difficult. Exposing patients to physical exercises during treatment 
might change a patient’s activity-related behaviour. After a treatment episode, the 
scoring on a performance test may be increased, although the actual physical capac-
ity may still not have changed. Measuring psychological factors pre- and post-
G E N E R A L  D I S C U S S I O N  
 183 
treatment might reveal whether this better performance can be attributed to an 
increase in physical capacity and/or changes in activity-related behaviour or pain. 
10.6.2. Design of treatments for patients applying persistence behaviour 
Based on the fear-avoidance model, graded activity and graded exposure in vivo are 
nowadays two frequently used treatments in the management of CLBP. Both treat-
ments are aimed to increase a patient’s level of physical activities and decrease 
one’s daily life limitations. Graded activity aims at improving functional ability by 
positively reinforcing healthy behaviour based on operant learning principles (8, 9). 
Exposure in vivo treatment tries to achieve this goal by reducing pain-related fear by 
extinction of the Pavlovian conditioning (44, 45). This treatment is hypothesized to 
be especially effective for a subgroup of patients reporting a high level of pain-
related fear; the avoiders. Therefore, not all patients will report improvement after 
graded activity or exposure treatment. A recent systematic review showed only 
limited evidence for the additional effectiveness of graded activity and graded ex-
posure in vivo compared to other forms of active treatment (23). A possible reason 
for this rather restricted evidence for the additional effectiveness of both treat-
ments might be that patients in the various studies included in the review, were not 
adequately selected for this specific treatment. Characteristics of activity-related 
behaviour might support the decision which treatment should be offered. 
The optimal treatment approach for patients with a persistent activity-related 
behaviour style may be assumed to be different from the programs currently avail-
able for avoiders. For the future, a challenge will be to develop a tailored treatment 
for both defined subgroups. Recently, in a study of van Koulil et al. patients with 
fibromyalgia were characterized as persister and avoider and received a tailored 
treatment (38). Although, as previously discussed the method used in this study to 
classify a patient’s activity related behaviour style should be further developed, this 
study contains some interesting ideas. The fact that they offered a tailored treat-
ment specific for a patient’s activity-related behaviour style is novel. For patients 
with fibromyalgia showing avoidance behaviour, treatment was aimed at increasing 
daily life activities and diminishing avoidance behaviour by stimulating patients to 
gradually increase their daily life activities and expose them to fear-related situa-
tions. The treatment of patients showing persistence behaviour contains gradually 
increases of daily life activities and learning to pace their activities and alternate 
between activity and inactivity (38). Results showed that specific treatments in both 
subgroups led to significant improvements in physical and psychological functioning 
(38). However, based on these results it is not clear whether these tailored treat-
ments show a different level of effectiveness in patients with different activity-
related behaviour styles. Vlaeyen and Morley discussed that before this conclusion 
can be drawn, it should first be evaluated whether this tailored treatment works 
better than non-specific treatments (48). 
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A patient-tailored treatment to reduce a patient’s limitations specifically applied to 
his momentary functioning seems the ultimate goal. From this patient-tailored 
treatment, patients who show an alternative activity-related behaviour type such as 
the mixed performers’ style, might also benefit. Before this goal can be reached, 
more research is needed to indentify characteristics of the different activity-related 
behaviour styles, and next adequate tailored treatments should be developed and 
evaluated. 
10.7. Conclusions 
From the studies presented in this thesis several conclusions can be drawn. What 
became clear from chapter 2 and 3 is that the extent in which physiological and 
psychological factors influence the outcome on a physical performance test differs 
between performance tests but also between subgroup of patients. Furthermore, in 
patients with CLBP the physical activity assessments in daily life should be per-
formed with objective registration tools, because the patient’s perception of their 
daily life activity level is often distorted, resulting in an inadequate presentation of 
one’s actual level of daily life activities. 
With respect to the activity-related behaviour styles, this thesis showed that 
distinct characteristics may be identified between patients applying avoidance or 
persistence behaviour. Dividing patients based on their activity-related style may 
support the decision-making process, leading to a more patient-tailored choice for 
the most appropriate treatment for him. 
The self-discrepancy model for chronic pain is a promising approach to explain 
the negative emotions in patients with chronic pain. Future studies should investi-
gate whether the self-discrepancy model for chronic pain can also explain why some 
patients avoid activities and others persist in activities. This may lead to the theo-
retical foundation for a patient-tailored and more effective treatment for patients 
with CLBP. 
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11. Summary 
Chronic low back pain (CLBP) is a major health problem. The impact for the individ-
ual patient is considerable: Patients suffering from CLBP perceive limitations in daily 
life functioning and a lower quality of life. In addition, the societal impact of CLBP 
accounts for high health care and socio-economic costs. For years, the focus has 
been set on creating biomedical models to explain the development and mainte-
nance of nonspecific CLBP. However, not for all patients with pain syndromes, a 
biomedical explanation for their complaints can be found. In the last decades cogni-
tive-behavioural models have been postulated to explain the development and 
persistence of disability in nonspecific chronic pain patients. One of the most 
prominent cognitive behavioural models is the fear-avoidance model. This model 
proposes that catastrophic interpretations about pain and pain-related fear lead to 
avoidance behaviour. In the long run this activity-related behaviour style, character-
ized by activity avoidance, may lead to a chronic pain problem, resulting in disability 
in daily life functioning, depression, and a lower daily life activity level. However, 
not all patients suffering from CLBP have a lower daily life activity level. There 
seems to be a subgroup of patients that persist in activities. Persisters are hypothe-
sized to have a similar level of daily life activities as healthy volunteers. Their activ-
ity-related behaviour style can be characterized by a continuation of activities de-
spite pain, until completion of the task has been reached. When a persister eventu-
ally completes the activity, pain will increase due to overload, which, in turn, will 
force him to take rest until the pain subsides. Both activity-related behaviour styles, 
i.e. avoidance and persistence, seem to be associated with high disability levels and 
lower quality of life. 
The underlying mechanisms explaining both avoidance and persistence behav-
iour have not yet been identified. A model that might explain both types of activity-
related behaviour is the self-discrepancy model for chronic pain. The Self-
Discrepancy theory which was originally developed by Higgins, proposes that dis-
crepancies exist between the attributes one actually possesses (‘actual self’), and 
the attributes one ideally possesses (‘ideal self’) or ought to possess (‘ought self’). In 
addition, Carver et al. evaluated the discrepancy between the actual and the ‘feared 
self’ (the attributes one fears to possess). The adapted self-discrepancy model for 
chronic pain is proposed to explain the pathway from the three self-discrepancies to 
activity-related behaviour. In this model, it is hypothesized that both ideal and 
ought self-discrepancies lead to persistence behaviour. In contrast, the actual versus 
feared discrepancy is hypothesized to predict avoidance behaviour. The main aim of 
the combined studies presented in this thesis is to identify and explain the different 
types of activity-related behaviour within the population of patients with CLBP. 
After the introduction (chapter 1), Part I of this thesis (chapter 2–5) evaluates 
assessment methods to identify a patient’s activity-related behaviour during per-
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formance testing and during activities in daily life. In Part II of the thesis (chapter 6 
and 7) specific characteristics in a person’s activity pattern reflecting his activity-
related behaviour style (i.e. avoidance and persistence) are explored. In Part III 
(chapter 8 and 9) the self-discrepancy model for chronic pain is tested as explana-
tory model for avoidance and persistence behaviour. A further aim is to evaluate 
whether both activity-related behaviour styles are related to higher disability levels 
and to a diminished quality of life. 
Part I: Assessment of activity-related behaviour 
Chapter 2 reports to what extent physiological and non-physiological factors influ-
ence performance testing in patients with CLBP. In all types of performance tasks 
the final outcome will be influenced by physiological factors as well as non-
physiological factors. However, to what extent both factors influence test outcome 
differs between various performance tests. Whereas the outcome of a 
(sub)maximal exercise test will mainly be influenced by physiological factors and 
thus best represents a patient’s maximum physiological possibilities, a holding en-
durance task evaluating the duration a patient can carry a specific weight, is an 
example of a performance task that is mainly influenced by psychological factors 
and can reflect a patient’s behaviour during testing. Chapter 3 evaluates whether a 
patient’s prediction of activity-related pain is associated with task performance. 
Furthermore, it is evaluated whether in patients overpredicting activity-related 
pain, fear of movement has a negative influence on performance. Results show that 
in contrast to patients who are able to predict the level of pain associated with 
activity correctly, in patients who tend to overpredict activity-related pain, fear of 
movement is negatively related to the level of performance during performance 
testing. In daily life, it appears that patients who overpredict their activity-related 
pain and experience more fear show a higher total daily life activity level. This last 
finding may be related to an alternative but more inefficient strategy in which eve-
ryday activities are carried out. 
Chapter 4 presents an overview of assessment instruments to measure the ac-
tivity level in daily life of patients with musculoskeletal pain. In pain research, physi-
cal activity in daily life is measured using questionnaires, diaries or objective meas-
urement techniques. However, only limited research has been performed on psy-
chometric properties of these instruments. Based on a comparison of different 
assessment tools for physical activity, it is recommended to evaluate a patient’s 
daily life activity level with an objective registration tool such as an accelerometer 
or activity monitor. Results presented in chapter 5 confirm that a patient’s estima-
tion of his daily life functioning level may be biased. It is found that the association 
between the self-reported and objectively assessed activity level in daily life in pa-
tients with CLBP is rather low. In addition, it appeared that patients with CLBP, who 
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are more depressed, underestimate their daily life activity level, although their ac-
tual activity level is not influenced by their level of depressed mood. Since it thus 
appeared that self-report can be biased by a patient’s opinion, it is recommended to 
measure a patient’s daily life activity level with an objective registration tool. 
Part II: Identification of subgroups, based on activity-related behaviour 
In chapter 6 the influence of pain intensity, pain-related fear, the level of physical 
activity and fluctuations in the activity, assessed by self-report (diary), on the level 
of disability in patients with CLBP is studied. Results show that, in addition to pain 
intensity, the fluctuation in the daily life activity level instead of the mean activity 
level over time is associated with disability. This finding seems in line with the hy-
pothesis that patients applying persistence behaviour will present a sawtooth pat-
tern in a registration of their activity level overtime. In chapter 7 characteristics of 
both activity-related behaviour styles are explored using accelerometry. Patients 
scoring high on avoidance and persistence behaviour show a higher level of disabil-
ity compared to patients who score low on both avoidance and persistence behav-
iour. Results show that persisters, as compared to avoiders, have a higher self-
reported daily life activity level and a longer daily uptime, assessed by accelerome-
try. The objectively measured level of physical activity does not differ between the 
groups. Furthermore, self-reported activities in daily life are positively related to a 
pain increase in persisters, whereas no such association is found in avoiders. These 
findings seem to support the hypothesis that different activity-related behaviour 
styles are present within the population of patients with CLBP. 
Part III: The self-discrepancy model for chronic pain to explain persistence and 
avoidance behaviour 
Chapter 8 evaluates the self-discrepancy model for chronic pain. The first aim is to 
evaluate whether self-discrepancies are associated with avoidance and persistence 
behaviour, measured by self-report. A further aim is to evaluate whether both per-
sistence and avoidance behaviour are associated with a higher level of disability and 
a diminished quality of life. With regard to both types of activity-related behaviour, 
results show that the magnitude of the feared discrepancy is predictive of avoid-
ance behaviour. In addition, actual-ideal self-discrepancies are predictive of persis-
tence behaviour. Of interest is the finding that avoidance, but not persistence be-
haviour, is predictive for a higher level of disability and a lower level of quality of 
life. In this study, some associations in the self-discrepancy model for chronic pain 
could indeed be confirmed, whereas no confirmation was found for others. Chapter 
9 evaluates whether self-discrepancies are associated with the objectively regis-
tered activity-related characteristics of persistence and avoidance behaviour and 
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whether these associations are also consistent over time. Results indicate that pa-
tients with CLBP who felt close to their ideal show more characteristics of persis-
tence behaviour. Over time, patients who move further away from their ideal also 
show more characteristics of persistence behaviour. Furthermore, in patients who 
are characterized as avoider, a further decrease of daily uptime is related to a de-
crease in mental health-related quality of life. However, persistence behaviour and 
mental health-related quality of life are not related. In the current study the asso-
ciations between different types of self-discrepancies and avoidance or persistence 
behaviour could not unambiguously be confirmed. 
Based on the results of part III of this thesis some support was found that the 
actual-feared discrepancy is associated with avoidance behaviour and the actual-
ideal discrepancy is associated with persistence behaviour. However, no association 
between the actual-ought discrepancy and activity-related style could be found. 
 
Chapter 10 contains the general discussion. Based on the results of this thesis, it 
became clear that the extent in which physiological or psychological factors influ-
ence the outcome on a physical performance test is not only different between 
tests but also between subgroups of patients. In future research, measurement 
techniques like a twitch technique and surface EMG are recommended to unravel to 
what extent physiological and to what extent psychological factors influence test 
outcome. Furthermore, the physical activity assessments in daily life should be per-
formed with objective registration tools, because the self-reported daily life activity 
level are biased and will therefore not adequately represent the patient’s daily life 
activity level. 
With respect to the activity-related behaviour styles, this thesis shows that dis-
tinct characteristics can be identified between patients applying avoidance or per-
sistence behaviour. For future research, activity monitoring might support the dif-
ferentiation between persisters and avoiders. An activity monitor, which will enable 
identification of specific postures and activities during a patient’s daily life activities, 
may be used to further differentiate between persisters and avoiders. Once we are 
able to classify patients based on their activity-related style, we can start to develop 
and test new treatment techniques which will help us to provide a patient-tailored 
treatment. 
The self-discrepancy model for chronic pain is a promising model to explain the 
negative emotions in patients with chronic pain. Some evidence was found that the 
actual-feared discrepancy is associated with avoidance behaviour and the actual-ideal 
discrepancy is associated with persistence behaviour. However, no association be-
tween the actual-ought discrepancy and activity-related style could be found. Future 
studies should assess whether the self-discrepancy model for chronic pain can also 
explain why some patients avoid activities whereas others persist in activities. This 
may lead to a theoretical foundation for a tailored treatment for patients with CLBP.  
  
 
 195 
 
 
Samenvatting 
 
 
 
 
 
 
 
S A M E N V A T T I N G  
 196 
11. Samenvatting 
Chronische lage rugklachten (CLRK) zijn een veel voorkomend probleem. Het heb-
ben van CLRK leidt voor elke individuele patiënt tot beperkingen in het dagelijks 
functioneren en een verminderde kwaliteit van leven. Daarnaast leiden deze klach-
ten tot enorm hoge maatschappelijke en sociale kosten. Jarenlang is getracht een 
biomedisch model te ontwikkelen waarmee het ontstaan en in stand houden van 
aspecifieke CLRK kon worden verklaard. Echter, niet bij alle patiënten met pijnsyn-
dromen kan een biomedische oorzaak worden aangetoond. In de laatste decennia 
zijn cognitief-gedragsmatige modellen voorgesteld om het ontstaan en voortduren 
van de ervaren beperkingen bij patiënten met chronische pijn te kunnen verklaren. 
Eén van de meeste bekende cognitief-gedragsmatige modellen is het vrees-
vermijdingsmodel. Dit model beschrijft dat patiënten die catastroferende gedachten 
hebben over hun pijn, pijn-gerelateerde vrees ontwikkelen. Deze vrees wordt ge-
kenmerkt door vermijdingsgedrag. Op de lange termijn kan deze stijl van beweeg-
gedrag leiden tot een chronisch pijnsyndroom, gekenmerkt door depressieve gevoe-
lens, hoge mate van ervaren beperkingen en verminderde activiteiten in het dage-
lijks leven. Echter, niet alle patiënten met CLRK hebben een lager activiteitenniveau. 
Er lijkt een subgroep van patiënten die doorgaat met de activiteiten (persisteren). 
Het wordt verondersteld dat deze persisteerders een vergelijkbaar activiteitenni-
veau hebben als gezonde controlepersonen. Het beweeggedrag van een persisteer-
der kan worden gekarakteriseerd door het volharden in de uitvoer van activiteiten, 
totdat de activiteit is afgerond. Als de activiteit is afgerond, wordt de persisteerder 
gedwongen rust te nemen, omdat de pijn ondraaglijk is geworden. Dit resulteert in 
een zaagtand patroon waarin periodes van intensieve activiteit worden afgewisseld 
met gedwongen rust ten gevolge van de toename in pijnintensiteit. Beide stijlen van 
beweeggedrag (vermijden en persisteren) lijken geassocieerd met meer beperkin-
gen in het functioneren en een verminderde kwaliteit van leven. 
Het onderliggende mechanisme dat zowel vermijden alsook persisteren, zou 
kunnen verklaren is nog niet geïdentificeerd. Een model dat mogelijk beide stijlen 
van beweeggedrag kan verklaren is het zelf-discrepantiemodel voor chronische pijn. 
De Zelf-Discrepantie theorie, oorspronkelijk ontwikkeld door Higgins, veronderstelt 
dat discrepanties bestaan tussen de eigenschappen die iemand werkelijk bezit (‘ac-
tuele zelf’) en de eigenschappen die iemand ideaal gezien zou willen bezitten (‘idea-
le zelf’), of denkt te moeten bezitten (‘opgelegde zelf’). Carver e.a. onderzochten 
ook nog de discrepantie tussen de actuele zelf en de gevreesde zelf (de eigenschap-
pen die je niet wilt bezitten). Vanuit het zelf-discrepantiemodel voor chronische pijn 
wordt voorgesteld, dat vanuit de drie zelf-discrepanties het beweeggedrag kan 
worden verklaard. In dit model wordt verondersteld dat discrepanties tussen de 
actuele en ideale zelf en tussen de actuele en opgelegde zelf leiden tot persisterend 
beweeggedrag. De discrepantie tussen de actuele en gevreesde zelf wordt veron-
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Deel 1: Het meten van beweeggedrag 
Hoofdstuk 2 beschrijft in welke mate fysiologische en psychologische factoren de 
uitslag op fysieke testen beïnvloeden bij patiënten met CLRK. In alle fysieke taken 
wordt de uitslag beïnvloed door zowel fysiologische alsook psychologische factoren. 
Echter, in welke mate deze factoren de uitslag beïnvloeden verschilt tussen de ver-
schillende taken. Waar de uitkomst van een (sub)maximale inspanningstest vooral 
wordt beïnvloed door fysiologische factoren en dus het beste de maximale fysiologi-
sche mogelijkheden weergeeft, is een tiltaak waarbij een specifiek gewicht zo lang 
mogelijk moet worden vastgehouden, een voorbeeld van een taak waarbij de uitslag 
vooral wordt beïnvloed door psychologische factoren en dus het beweeggedrag van 
de patiënt weergeeft. Hoofdstuk 3 evalueert of de voorspelling van een patiënt met 
subacute lage rugklachten over de mate van pijn, die een fysieke taak oplevert, is 
geassocieerd met de uitslag op de taak. Bovendien wordt geëvalueerd of bij patiën-
ten die hun pijn gerelateerd aan de fysieke taak overschatten, de vrees om te be-
wegen een negatieve invloed heeft op de uitslag op de taak. De resultaten laten 
zien dat, in tegenstelling tot de patiënten die hun pijn goed kunnen inschatten, bij 
de patiënten die hun pijn overschatten meer bewegingsvrees leidt tot een minder 
goede uitslag op de fysieke taak. In het dagelijks leven blijkt dat patiënten die hun 
pijn overschatten en meer bewegingsvrees hebben, meer actief zijn. Deze laatste 
bevinding is mogelijk gerelateerd aan een alternatieve, maar inefficiënte strategie 
die gebruikt wordt voor het uitvoeren van activiteiten in het dagelijks leven. 
Hoofdstuk 4 presenteert een overzicht van meetinstrumenten waarmee het ac-
tiviteitenniveau in het dagelijks leven van patiënten met pijnklachten aan het bewe-
gingsapparaat kan worden gemeten. In pijnonderzoek wordt het fysieke activitei-
tenniveau in het dagelijks leven gemeten met vragenlijsten, dagboeken en objectie-
ve meetinstrumenten. Echter, slechts weinig onderzoek is uitgevoerd om de psy-
dersteld vermijdingsgedrag te kunnen voorspellen. Het doel van de gecombineerde 
studies in dit proefschrift is het identificeren en verklaren van de verschillende stij-
len van beweeggedrag binnen de populatie van patiënten met CLRK.  
Na de introductie (hoofdstuk 1), wordt in het eerste deel (hoofdstuk 2-5) van dit 
proefschrift meetmethoden bestudeerd waarmee het beweeggedrag tijdens fysieke 
testen en in het dagelijks leven kan worden geïdentificeerd. In het tweede deel van 
dit proefschrift (hoofdstuk 6 en 7) worden de specifieke kenmerken in een activitei-
tenpatroon als kenmerk van beweeggedrag (vermijden en persisteren) onderzocht. 
In het derde deel van dit proefschrift (hoofdstuk 8 en 9) wordt het zelf-
discrepantiemodel voor chronische pijn geëvalueerd als verklaringsmodel voor ver-
mijden en persisteren bij patiënten met CLRK. Verder wordt geëvalueerd of beide 
stijlen van beweeggedrag zijn geassocieerd met meer ervaren beperkingen in het 
dagelijks leven en een verminderde kwaliteit van leven. 
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chometrische eigenschappen van deze instrumenten vast te stellen. Het doel van dit 
onderzoek was de in de literatuur gepresenteerde methoden die het fysieke activi-
teitenniveau in het dagelijks leven meten te identificeren en de psychometrische 
eigenschappen van deze methoden te presenteren. Na een vergelijking tussen de 
methoden wordt aanbevolen het dagelijks activiteitenniveau van patiënten met 
pijnklachten aan het bewegingsapparaat te meten met een objectief meetinstru-
ment zoals een accelerometer of een activiteitenmonitor. De resultaten gepresen-
teerd in hoofdstuk 5 bevestigen dat de inschatting van het activiteitenniveau in het 
dagelijks leven door de patiënt vertekend kan zijn. De overeenstemming tussen het 
zelfgerapporteerde en objectief gemeten activiteitenniveau is bij patiënten met 
CLRK tamelijk laag. Verder bleek dat patiënten met CLRK die meer depressief waren, 
hun eigen activiteitenniveau onderschatten, terwijl hun werkelijke activiteitenni-
veau niet beïnvloed werd door hun depressieve stemming. Aangezien blijkt dat 
zelfrapportages vertekende resultaten kunnen geven, wordt aanbevolen om het 
fysieke activiteitenniveau in het dagelijks leven te meten met een objectief meetin-
strument zoals een accelerometer of activiteitenmonitor. 
Deel 2: Identificatie van subgroepen, gebaseerd op beweeggedrag 
Het doel van het in hoofdstuk 6 gepresenteerde onderzoek is de invloed van pijn 
intensiteit, pijn gerelateerde vrees, het niveau van fysieke activiteiten en fluctuaties 
in activiteiten, gemeten met zelfrapportage, op het beperkingenniveau bij patiënten 
met CLRK te evalueren. De resultaten laten zien dat naast de pijn intensiteit, de 
fluctuaties in de dagelijkse activiteiten in plaats van de gemiddelde activiteit geas-
socieerd zijn met de ervaren beperkingen. Deze bevinding lijkt in lijn met de veron-
derstelling dat patiënten die persisteren een zaagtand patroon laten zien in een 
registratie in de tijd. In hoofdstuk 7 worden kenmerken van de verschillende stijlen 
van beweeggedrag onderzocht met een accelerometer. Patiënten met CLRK die 
zowel hoog scoren op vermijden als persisteren hebben een hoger beperkingenni-
veau in vergelijking met patiënten die laag scoren op vermijden en persisteren. 
Resultaten laten verder zien dat persisteerders in vergelijking met vermijders een 
hoger zelfgerapporteerd activiteitenniveau en een langere dagduur (tijd tussen 
opstaan en gaan slapen) hebben, gemeten met de accelerometer. Het objectief 
gemeten activiteitenniveau is niet verschillend tussen de groepen. Verder is het 
zelfgerapporteerde activiteitenniveau in het dagelijks leven positief gerelateerd aan 
een pijntoename bij persisteerders, terwijl geen verband werd gevonden in vermij-
ders. Deze bevindingen lijken de veronderstelling te ondersteunen dat verschillende 
stijlen van beweeggedrag aanwezig zijn binnen de populatie patiënten met CLRK. 
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Deel 3: Het zelf-discrepantiemodel voor chronische pijn om persisterend en 
vermijdend gedrag te verklaren 
Hoofdstuk 8 evalueert het zelf-discrepantie model voor chronische pijn. Het eerste 
doel is om te bestuderen of zelf-discrepanties zijn geassocieerd met persisterend en 
vermijdend gedrag, gemeten met een zelfrapportage. Een volgend doel is na te 
gaan of zowel persisterend als vermijdend gedrag zijn geassocieerd met de ervaren 
beperkingen in het dagelijks leven en een verminderde kwaliteit van leven. Wat 
betreft de beide stijlen van beweeggedrag laten de resultaten zien dat de discrepan-
tie grootte van de gevreesde zelf, vermijdingsgedrag voorspelt. Verder voorspelt de 
discrepantie tussen de actuele en ideale zelf persisterend gedrag. Een interessante 
bevinding is verder dat vermijden en niet persisteren voorspellend is voor een hoger 
beperkingenniveau en een lagere kwaliteit van leven. In deze studie konden ver-
wachte associaties in het zelf-discrepantiemodel voor chronische pijn tussen de 
actuele en ideale zelf-discrepantie en actuele en gevreesde zelf-discrepantie en 
beweeggedrag worden bevestigd, terwijl geen bevestiging werd gevonden voor de 
associatie tussen de actuele en opgelegde discrepantie en beweeggedrag. Hoofd-
stuk 9 evalueert of zelf-discrepanties samenhangen met objectief gemeten kenmer-
ken van persisterend en vermijdend gedrag en of deze verbanden constant blijven 
in de tijd. Resultaten laten zien dat patiënten met CLRK die zich dichtbij hun ideale 
zelf voelen, meer kenmerken van persisterend gedrag presenteren. In de tijd wordt 
gevonden dat patiënten die verder weg schuiven van hun ideaal ook meer kenmer-
ken van persisterend gedrag presenteren. Uit de resultaten bleek verder dat in pa-
tiënten die gekarakteriseerd werden als vermijder, een verdere afname in de men-
tale kwaliteit van leven geassocieerd was met een kortere dagduur. Dat komt tot 
uiting in het later opstaan en/of eerder naar bed gaan. Echter, persisterend gedrag 
en mentale kwaliteit van leven zijn niet gerelateerd. In deze studie konden de ver-
banden tussen de verschillende types zelf-discrepanties en persisterend en vermij-
dend gedrag niet eenduidig worden gevonden.  
Op basis van de resultaten uit het derde deel van dit proefschrift kan worden 
geconcludeerd dat enige ondersteuning was gevonden dat de actueel-gevreesde 
discrepantie is geassocieerd met vermijdend gedrag en de actueel-ideaal discre-
panctie is geassocieerd met persisterend gedrag. Echter, geen verband kon worden 
gevonden tussen de actueel-opgelegde discrepantie en beweeggedrag. 
 
Hoofdstuk 10 beschrijft de algemene discussie. Op basis van de resultaten uit dit 
proefschrift werd duidelijk dat de mate waarin fysiologische of psychologische fac-
toren de uitslag op een fysieke taak beïnvloeden niet alleen verschilt tussen de 
verschillende testen, maar ook tussen subgroepen van patiënten. Voor vervolgon-
derzoek wordt aanbevolen meettechnieken zoals een twitch techniek of oppervlak-
te EMG te gebruiken zodat de mate waarin fysiologische en psychologische factoren 
invloed hebben, kan worden ontrafeld. Voorts zou het fysieke activiteitenniveau in 
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het dagelijks leven gemeten moeten worden met een objectief meetinstrument, 
omdat het zelfgerapporteerde activiteitenniveau vertekend kan zijn en dus het 
activiteitenniveau van de patiënt niet adequaat zal weergeven. 
Wat betreft de verschillende stijlen van beweeggedrag laat dit proefschrift zien 
dat kenmerken van persisterend en vermijdend beweeggedrag kunnen worden 
geïdentificeerd voor patiënten met CLRK. Een activiteitenmonitor, die het mogelijk 
maakt om specifieke houdingen en activiteiten tijdens het dagelijks leven te onder-
scheiden, zou in toekomstig onderzoek gebruikt kunnen worden om te kunnen 
differentiëren tussen persisteerders en vermijders. Op het moment dat het mogelijk 
is patiënten te classificeren op basis van beweeggedrag, kan een screeninginstru-
ment worden ontwikkeld waarmee de keuze voor de verschillende behandelvormen 
objectiever kan worden bepaald. Dit kan bijdragen aan het verkrijgen van een be-
handeling op maat. 
Het zelf-discrepantiemodel voor chronische pijn is een veelbelovend model om 
negatieve emoties bij patiënten met chronische pijn te verklaren. Enig bewijs was 
gevonden dat de actueel-gevreesde discrepantie is geassocieerd met vermijdend 
gedrag en de actueel-ideaal discrepantie is geassocieerd met persisterend gedrag. 
Echter, geen verband tussen de actueel-opgelegde discrepantie en beweeggedrag 
kon worden gevonden. Vervolgonderzoek zou moeten evalueren of het zelf-
discrepantiemodel voor chronische pijn ook kan verklaren waarom sommige patiën-
ten activiteiten vermijden terwijl andere patiënten persisteren in activiteiten. Dit 
zou kunnen leiden tot een theoretische basis voor de behandeling op maat voor 
patiënten met CLRK. 
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Eindelijk kan ik starten met het schrijven van het laatste hoofdstuk van mijn proef-
schrift; het dankwoord. Het combineren van een promotietraject met het werk als 
fysiotherapeut heeft ertoe geleid dat de afgelopen jaren op sommige momenten 
behoorlijk druk waren. In de periode van mijn promotietraject is daarnaast ook op 
het privé vlak behoorlijk wat veranderd. Met hulp en ondersteuning van een aantal 
mensen is het toch gelukt om hier goed doorheen te komen. In dit hoofdstuk wil ik 
graag iedereen bedanken die hier een rol in hebben gespeeld. Een aantal personen 
wil ik hiervoor specifiek bedanken, al realiseer ik me, dat ik ook mensen zal vergeten 
die wel een rol hebben gehad! 
 
Dr. J.A. Verbunt, beste Jeanine, jij bent de persoon die ik het meest moet bedanken 
dat dit proefschrift hier uiteindelijk ligt en ook het traject goed is verlopen. Jij was 
het hele traject een motivator, begeleider, vertrouwenspersoon en collega in één. 
Je energie, inzet en gedrevenheid werkte en werkt nog steeds aanstekelijk. Ondanks 
dat jouw agenda steeds voller werd, had je elke week tijd om met mij te brainstor-
men, mijn artikelen te lezen of gewoon een kop koffie te drinken! Ik vind het een 
eer dat ik de eerste promovendus ben die onder jouw begeleiding gaat promove-
ren! Ik ben blij dat we in de toekomst samen blijven werken! Bedankt voor alles 
Jeanine!  
 
Dr. H.A.M Seelen, beste Henk, jij hebt je altijd een beetje op de achtergrond gehou-
den, omdat pijn niet jouw topic is. Echter, jouw rol in het project was belangrijk. Je 
kennis van de Engelse taal en van meerdere analyse- en bewerkingstechnieken 
maakt dat samen met jouw kritische blik op de inhoud, onze discussies weer stof tot 
nadenken gaven. Je vriendelijkheid en open deur beleid heb ik altijd enorm gewaar-
deerd. Ik ben blij dat je ook als copromotor betrokken bent gebleven bij mijn pro-
motie en hoop ook in de toekomst projecten op het gebied van activiteitenmonito-
ring met je samen te kunnen doen! En Henk, besef dat pijn nu steeds meer ook 
jouw topic is geworden... 
 
Prof.dr. R.J.E.M. Smeets, beste Rob, jouw rol in mijn promotietraject kwam pas op 
een later moment toen je hoogleraar Revalidatiegeneeskunde werd. Vantevoren 
was je wel al als verwijzer en vanuit de onderzoeksgroep LOBADIS bij het project 
betrokken. Ondanks jouw overvolle agenda hebben we vanaf het moment dat je bij 
het project betrokken bent intensief contact gehad. Jouw inhoudelijke kennis en 
opmerkingen waren een zinvolle aanvulling bij de discussies. Ik ben trots dat ik de 
eerste ben die vanuit de vakgroep Revalidatiegeneeskunde gaat promoveren. Laat 
er nog vele volgen! Rob, ik heb onze samenwerking als prettig ervaring en ik hoop 
dat we dit in de toekomst zo gaan voortzetten. 
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Prof.dr. M.L. Peters, beste Madelon, onze eerste kennismaking gaat al flink wat 
jaren terug en vanaf toen ben ik onder de indruk geraakt van jouw theoretische 
kennis en jouw vermogen om dit toe te passen in de verschillende contexten. Vanaf 
het moment dat bekend was dat ik zou gaan promoveren wilde jij hier graag aan 
meewerken. Ook jij had het erg druk, maar altijd had jij tijd om even van gedachten 
te wisselen. Je constructieve opmerkingen gaven altijd veel stof tot nadenken! Ma-
delon, ik ben vereerd dat jij mijn promotor bent bij mijn promotie. Ik heb heel veel 
van je geleerd!  
 
I furthermore would like to express my gratitude to the members of the examina-
tion board Johan Vlaeyen, Rob de Bie, Hans Bussmann, Monika Hasenbring, and 
Andre Knottnerus for taking time and effort to read and evaluate my thesis.  
 
Dank ook aan al die mensen met chronische lage rugklachten die hebben deelge-
nomen aan de onderzoeken zonder dat ze hier zelf direct iets aan hadden. Ook wil ik 
de afdeling revalidatie van de verwijzende ziekenhuizen in Maastricht (azM), Heer-
len (Atrium MC), Sittard (Orbis MC), Venlo (Viecuri) en Veldhoven (Maxima MC) en 
de revalidatiecentra Blixembosch en Adelante bedanken voor het attenderen van 
patiënten op dit onderzoek.  
 
De eerste jaren van mijn promotie was ik werkzaam vanuit het toenmalige DMKEP. 
Alle collega’s van toen wil ik graag bedanken voor hun hulp met statistiek (Erik), 
ondersteuning bij het onderzoek (Astrid, Truus en Sita) en alle andere zaken. De 
onderbrekingen met tafeltennis leverden uiteindelijk weer energie op om hard door 
te werken! Daarnaast ook de collega’s van het toen nog SOMATO overleg (nu BM-
overleg); het is een luxe om met zoveel enthousiaste onderzoekers te mogen wer-
ken en samen naar congressen te kunnen gaan. Speciaal woord van dank voor Ka-
roline voor de samenwerking in haar MaNeS-project. Vanuit deze groep kom ik 
automatisch uit bij Hanne. Hanne, we hebben samen het cohort opgezet en uitge-
voerd waarin we de relatie probeerden na te gaan tussen een persoonlijkheidsken-
merk en fysiek, objectief gemeten, gedrag. We hebben er menig uur over moeten 
nadenken hoe we dit konden verklaren! Ook de praktische uitvoering van het co-
hort was lastig onder andere door de combinatie van mijn beide banen. Ik ben erg 
blij dat we het allebei goed hebben afgerond en nu weer opnieuw collega’s en ka-
mergenoten zijn bij Revalidatiegeneeskunde. Bedankt dat je me als paranimf terzij-
de wil staan bij mijn promotie. Ik geef de helft van het promotiestokje aan jou door! 
Ik wil ook de begeleiders van Hanne, Marielle, Jeffrey en Johan bedanken voor hun 
ideeën en adviezen rondom onze projecten. 
 
In de periode na DMKEP kwam ik in dienst van de vakgroep Revalidatiegeneeskun-
de. Op dat moment was ik nog de enige werknemer en mijn werkplek werd het 
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kenniscentrum van Adelante. Hier zit een groep enthousiaste collega’s op verschil-
lende onderzoekslijnen. Bedankt allemaal voor de leuke gesprekken, gezelligheid en 
steun! Speciaal woord van dank voor mijn kamergenoten Annemie, Annick, Patrick, 
Veronique, Rachma, Ananda, Vera en Ryanne. Patrick, we deelden samen een tafel 
en we probeerden elkaar bij te staan met alles wat we tegenkwamen in het traject 
én daar buiten. Dank voor je hulp en gezelligheid en fijn dat je mij als paranimf wil 
bijstaan bij het verdedigen van mijn proefschrift. Ik geef de andere helft van het 
promotiestokje aan jou door! 
 
De laatste fase van mijn promotietraject was ik weer terug in Maastricht, waar we 
een werkplek vanuit de vakgroep revalidatiegeneeskunde hebben gekregen (en 
uiteindelijk hele mooie plekken!!). Hier een speciaal woord van dank voor Marga-
reth. Fijn dat je altijd zo behulpzaam bent.  
 
Naast mijn promotiewerkzaamheden ben ik ook werkzaam gebleven als fysiothera-
peut in de klinische praktijk. Idealiter wil je dat wetenschap en praktijk dicht tegen 
elkaar liggen, maar dat is niet altijd even makkelijk. Dank aan mijn werkgever en 
collega’s uit de eerste lijn. Kees, Ans, Fidesca en Adriënne, ik heb het leuk gevonden 
om met jullie samen te werken! Sinds anderhalf jaar werk ik als fysiotherapeut op 
de afdeling revalidatiegeneeskunde van het azM. Ik wil alle collega’s hier bedanken 
voor hun steun en hulp in de laatste fase van mijn promotie. Het is prettig om in een 
enthousiast en ambitieus team te werken en ik hoop dat we dit samen verder kun-
nen opbouwen. 
 
Ik wil ook alle vrienden en familieleden bedanken voor de interesse en betrokken-
heid die zij hebben getoond voor waar ik mij mee bezig hield. Martijn, we moeten 
nu echt weer gaan fietsen. Guido, we gaan mee! Bert en Pia, dank voor jullie goede 
zorgen en hulp! Martijn, Pia en Jesse, dank voor jullie interesse. Papa en mama 
bedankt voor de opvoeding die jullie ons hebben gegeven. Dat heeft ons gemaakt 
tot wat we nu zijn. Fijn ook dat jullie altijd voor ons klaar staan. Erik en Lonneke 
dank voor de ontspannende momenten. Egon jammer dat je nu niet heel dicht meer 
in de buurt bent, maar het is prettig om samen iets te ondernemen. We mogen 
trots zijn op wat we hebben bereikt! 
 
En ik wil dit dankwoord besluiten met wat het allerbelangrijkste voor mij is. Mariel-
le, we hebben een erg drukke periode gehad. Jij met jouw opleiding, ik met mijn 
promotie en tussendoor kregen we ook nog ons lieve kleine prinsesje Meike. Ik ben 
hartstikke trots op wat jij allemaal hebt bereikt en ik ben hartstikke blij hoe we nu 
alles samen doen. Zonder jouw hulp en steun was deze promotie niet gelukt. Meike, 
je bent mijn grote schat. Jouw vrolijkheid blijft fantastisch. 
En nu..Let the party begin! 
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